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RECONNOISSANCE SOIL SURVEY 
SAN JOAQUIN VALLEY, C. 

By L C. HOLMES. In CbarEc, and E. C. ECKMAI 
partment of AEricnlture. and J. W. NELSON an 
Unirnsity of California.— Area Inipected by MAC^ 

DESCRIPTION OF THE ARl 

GEOGKAPHY. 

The reeonnoissance soil survey of the Mid 
California, covers a section extending east ai 
part of the San Joaquin Valley and embracii 
total area. The snney lies near the geograp 
Freaio, the principal city, is 206 miles fron 
miles from Los Angeles by wa}" of one of 
the main rail lines. The western bound- 
ary of the area is about 55 miles inland 
from the Pacific Ocean and the eastern 
part about 90 miles from the California- 
Nevada State boundary. The area is 
bounded on the north by latitude 36° 50' 
from the northwestern comer to the point 
at which this line intersects the San Joa- 
quin Kiver, a distance of about 22 miles. 
From this point the boundary follows the 
meandering course of this stream almost 
to the northeastern corner of the area. 
The southern bounday lies along latitude 
36°. The survey is bounded on both the 
east and west by irregular lines located 
for the most part so as to include narrow 
slopes of the Sierra Xevada and Coast Ki 
tively, the general trend of both boundai 
southeast. The form of the ai-ea is roughly 
averaging a little less than 60 mites from nc 
less than 75 miles from east to west. 

The survey covers 4.448 square miles, or 2 
prises parts of Fresno, Tulare, and Kings 
area of the survey, about 2.519 square mil 
about 1.162 square miles in Tidare County, ar 
in Kings County. A little less than one-hal 
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than one-fourth of Tulare County, and about one-lialf of Kingg 
County are included. The main agricultural development and cen- 
ters of settlement and industry of each county are included in the 
area, and with the exception of a few important but local sections the 
remaining parts of the counties are largely mountainous or sparsely 
settled. 

The base for the soil map accompanying this report is compiled 
from several sources. For the western part of the area topographic 
sheets of the United States Geological Survey are used, some changes 
in culture being made to bring the information up to date.' For the 
eastern and east-central parts detailed soil surveys of the Fresno 
and Hanford areas and a part of that of the Porterville area are used.* 

The base maps of the earlier Fresno and Porterville areas are used 
with some additions and changes, but without attempting to show 
all recent changes in location of roads and buildings. The re- 
mainder of the map was constructed in the field, the work lieing aided 
and \erified in part by county and city maps. 

The survey covers an im|>ortant part of the Great Interior Valley 
of California, one of the most prominent physiographic divisions of 
the State. This valley is an elongated trough of northwest-south- 
east trend which parallels the eastern and western boundaries of the 
State, but lies a little nearer the Pacific Ocean than the eastern 
boundarj-. It extends from Redding on the north to lieyond Bakers- 
field on the south, a distance of about 600 miles. Its average width is 
about 40 to 45 miles and the northern and southern extremities of 
tiie main valley near Red Bluff and Bakersfield are rounded rather 
than tapering. The valley is inclosed by mountain ranges except 
for a break on the west side a little north of its center where drain- 
age waters have their outlet to the Pacific Ocean through intermedi- 
ate bays. To the east is the Sierra Nevada Mountain range which 
attains near its southern part maximum elevations of over 14,000 
feet, and is drained into the valley by numerous rivers. The Coast 
Range Mountains lie to the west. They are made up of several 
parallel ranges of loM'er elevation than the Sierra Mountains, and 
contribute much smp,ller quantities of run-off to the valley. The 
generally parallel mountain ranges on the east and west merge 
around the north and south ends of the valley by means of connect- 
ing ranges. The boundary between the valley and the mountains 
usually is sharp, especially along the western side. 

The Great Interior Valley is commonly considered as being com- 
posed of two valleys. The northern and smaller part lying north 

> Soil Surrey of the Fresno Ares, CBlltornta, Field OperatloiiB ol tbe Bnresa of SoUi, 
1812 ; Soli SuFvef ol the Haoford Area, CaUIornlB, Field Operations of the Bureau of 
SoUb, 1901 ; Soil Survey of the Porterville Area, California, Field Operations of the 
Bureau of SoUs, 1908. 
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of the dininage outlet through the Coast Range is known as the 
Sacramento Valley ' and the southern part as the San Joaquin 
Valley.' 

The northern valley is drained by the Sacramento Eiver, and the 
southern valley by the San Joaquin River. These two main streams 
join west of Stockton near their outlet through a low-lying section 
known as the Island Region. The great interior trough or basin is 
a unit, and the Sacramento and San Joaquin Valleys are very similar 
and are parts of the same feature, differentiated by name only. 



The section of the San Joaqnin Valley included in this survey con- 
sists largely of smooth valley slopes which flatten toward the valley 
trough and steepen toward the mountain foot slopes. This some- 
what monotonous topography is relieved near the eastern and west- 
ern sides by the diversified foothill or mountainous areas. In addi- 
tion a few outlying hills rise from the higher valley slopes and 
together with some rolling areas of intermediate character between 
the valley surface proper and the marginal mountainous parts con- 
stitute the most diversified portions of the area. 

The streams usually enter the valley from canyonlike mountain 
valleys and flow through shallow valleys across the higher marginal 
belts of the valleys, but this condition frequently is reversed within 
a few miles as the streams emerge upon relatively elevated alluvial 
fans built across areas of lower gradient. The low axial trough of 
the valley has a very slight northward slope. It lies nearer the west- 
em side, leaving about two-thirds of the area on its eastern side. Its 
lower elevations average about 165 feet above sea level near Men- 
dota, and at Wheatville, almost 30 miles southeast, a little over 200 
feet. The trough of the valley is obstructed farther south by a low 
lobe of alluvium, the divide of which is about 210 feet in elevation. 
The basin on the south side of this lobe is occupied by Tulare Lake, 
about 115 square miles of which is included in the survey. The 
bottom of the lake has an elevation of about 180 feet, which gives a 
difference in elevation of only about IJ feet along the trough of the 
valley from near Mendota, or a distance of almost CO miles. 

The slopes of the eastern side of the valley are largely tillable and 
support most of the agricultural development of the area. They 
have a lower gradient than those of the west side and are longer. 
The eastern margin of the valley near the mountains ranges in ele- 

> Thla valley Is coTered by a. gimUar surrey. Rcconoolggance Soil Surrey ot tbe Sac- 
tKmento Valley, California. Field Operations of the Bureau of Soils, 1013. 

•The present survey Is Joined on thp north by a prior survey oovfrlng tb* norlhern 
part of tbe San Joaquin Valley. HeconnolsHanoe .'^oll Survey of the Lower tjan Joaquin 
Valley, California. Field Operatlona of the Burean of &olls, leiS. 
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vation from about 350 to over 500 feet, gradually increasing south- 
ward, as indicated by elevations at Friant, Minklcr, and Porterville, 
of 345, 407, and 460 feet, respectively. The included mountainous 
rim, or outlying hills, are largely nonagricultural. and often rises 
through rocky, abrupt slopes to elevations of several hundred feet 
above tiie valley margins. Sanger, with an elevation of 370 feet ; 
£eedley, 349 feet; Exeter, 319 feet; and Lindsay, 3&> feet, are located 
on the upper valley slopes at varying distances from the foothills. 
Elevations along the middle eastern valley slopes are 294 fe^ at 
Fresno, 218 feet at Kerman, 310 feet at Selma, 332 feet at Visalia, 
289 feet at Tulare, and 246 feet at Hanford. The average fall of the 
cast side to the trough of the valley is about 4 or 3 feet per mile, being 
several times this on some of the upper slopes and much less over 
the lower extensions. 

The surface features of the alluvial valley slopes of both the east 
and west sides are the result almost entirely of stream activities, 
either past or present. The older alluvial deposits are fragmentary 
or extensive, depending upon the extent of reworking, erosion, or cov- 
ering they have received. The older and younger materials are some- 
times reversed in relative elevation, the more recent being relatively 
lower than the older on the upper valley slopes but higher farther 
out, where alluvial fans are now being built up by the streams, 
although such relations are subject to many exceptions. Sharp 
breaks in topography are rare, although the operations of the major 
streams have caused important variations. Chief among these are 
the broad ret:ent alluvial fans of Kings, Kaweah, and Tule Rivers, 
which flatten valleyward and by extended lobes sometimes tend to 
surround older lower-lying areas. 

The west side of the valley attains elevations of from oOO to 700 
feet or more along its hill line, and in some instances has as mucii 
as 200 feet fall per mile for a short distance valleyward. Such ex- 
ceptional gradients soon flatten to about 20 feet or less per mile and 
often to 5 or 10 feet as the trough of the valley is approached. Pleas- 
ant Valley, in which Coalinga is located, ranges in elevation from 
about 600 to 800 feet, and these higher valley elevations continue to 
the south through the Kettleman Plain, which lies behind a group of 
outstanding hills known as the Kettleman Hills. Tlie included parts 
of the lower Coast Range are sharply rolling or choppy, reach eleva- 
tions of 1,000 to 1,200 feet, and usually break into the valley along 
regular lines, except whcrt" indented by small valleys. Many tillable 
areas are included in these mountains which can not be utilized be- 
cause of the low rainfall. The west side of the valley is a monoto- 
nously uniform, sloping plain, dominated almost entirely by coalesc- 
ing recent alluvial fans. A few remnants of slightly higher, older 
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fans, and outlying bill^ lie along its upper mnrgin and thei-e are 
local fans tbat vary io. size or height. This side of the valley is 
almost wholly tillable, but is little used for agriculture. 



The Sierra Nevada Mountains to the east are the source of several 
important streams entering the area, chief among which are the San 
Joaquin, Kings, Kaweah. and Tide Rivers. The slreams in most 
instances tlon- down the valley slopes at about right angles to the 
axis of the valley, but their outlets and their relation to drainage 
vary. The San Joaquin River has its source in the high Sierra 
Nevada Mountains to the northeast of the area, where it drains a 
considerable area of mountainous land above Friant.' As with the 
other major streams of the east side of the valley, its maximum 
flow accompanies the melting of the snow during the late spring and 
early summer periods, this being succeeded by a minimum flow pre- 
ceding the winter rains. This stream forms the boundary of the 
area surveyed from near its northeastern comer to the trough of 
the valley, but here swings from a southwest to northwest direction 
and, proceeding along the trough, constitutes the principal drainage 
way of the San Joaquin Valley as a whole. It is flanked in its 
upper course by a narrow belt of bottom land, but farther down the 
valley slope flows in a rather regular channel, which seems to be 
neither cutting nor fllling at a rapid rate. At its elbowlike turn 
down the valley it is joined by Fresno Slough, or Tulare Lake Slough, 
as it is sometimes called, the only drainage outlet for the upper San 
Joaquin Valley. Aside from being an outlet for this slough, the 
San Joaquin River has little influence on the drainage or the 
present soil-forming processes of this survey. The Kings River 
enters the valley east of Fresno, near CenterviUe, draining about 
1,740 square miles of the eastern part. It flows in several channels 
through a well-defined bottom for a short distance, and these give 
way to a single channel slightly below the surrounding lands. This 
channel divides again farther down the valley slopes, and the stream 
traverses an alluvial fan through bifurcating and oftentimes poorly 
defined channels. The Kaweah River enters the area near Lemon- 
cove and drains about 520 square miles of mountainous land, nearly 
all of which lies to the east of the survey. The stream divides 
almost immediately into two distpibutaries, the northern 'being 
known as the St. Johns Kiver. From this point southwestward the 
channels irregularly subdivide or reunite across an extensive alluvial 
fan, becoming more indistinct and spreading vaUeyward, the north- 
em ones passing north of Goshen and the southern ones south of 

> Water Supi)!/ Paper No. 398. Ground Water Is San Jonqnln T&Iley. California, aad 
Water Sapplj Paper No. 299. Wat^r Sesoarcm at Calltomla, Part II, Stream HeajMue- 
meDtB 111 Sbd Jonquln Basla, V. S. Geol. Survej. 
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Tulare. This fan is traversed by the line of the Southern Pacific 
Railroad for more than 20 miles. The Tule River emerges from 
the mountains east of Porterville, having a drainage area above the 
latter place of about 266 square miles. Like the Kaweah, it has 
built an alluvial fan, which it traverses through dividing channels 
of discontinuous character, except for one or two shallow passages. 
There are in addition several minor streams on the east side of the 
area, such as Sand, Cottonwood, Yokohl, and Lewis Creeks, which 
drain the lower foothills and discharge into the valley. 

All the streams mentioned on the east side, with the exception of 
the San Joaquin River, are without outlet to the sea during normal 
years. Their waters finally reach the trough of the valley by devious 
courses across regions of low gradient and collect in Tulare Lake, 
which fluctuates greatly in size. After a few wet years this sink 
fills and overflows to the north by way of Fresno Slough across the 
barrier built by the sedimentation from crowding fans. After a 
period of exceptionally dry years it becomes dry, as in 1905. 

The Coast Range Mountains on the west yield only minor streams, 
suchasLosGatosjWaltham, Cantua,andPaiioche and Little Panocho 
Creeks. These are largely intermittent and, except during or imme- 
diately following the rainy season, their beds over the valley slopes 
are dry. The first two creeks, with their several tributaries, origi- 
nate in the mountains west of Coalinga, but join near the outer foot- 
hills and, continuing northeastward, occupy a broad alluvial fan 
whose lower extension assists in partially blocking the trough of the 
valley. The last three creeks are similar in character and lie to the 
north in the order named. They drain extensive mountainous areas 
to the west. Owing to the low regional rainfall, they have a re- 
stricted but greatly fluctuating discharge. They have built large, 
symmetrical alluvial fans with some well-defined lobes which extend 
almost to the valley trough, their drainage reaching Fresno Slough 
or the San Joaquin River. Numerous minor washes interi'ene be- 
tween the larger creeks, each with its local fan. 

Drainage conditions vary widely in different parts of the area. 
Run-off is rapid on all the hilly or rolling lands, and with the excep- 
tion of local swales the drainage is sufGcient or excessive. The 
higher valley slopes of the east side are nearly always well drained, 
but some of the soils have obstructed subdrainage, so that they are 
boggy during and for short periods after the rainy reason. The west 
side of the valley has good drainage except in an irregular, flattened 
belt along the valley trough. The larger streams are sometimes 
bordered in their upper courses by flat lands which have a high-water 
table and are periodically overflowed. Nearly all the streams over- 
flow a part of their fans for short periods in times of flood, but 
damage from overflow is relatively small as compared with that 
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occasioned by a Iiigli water table, the result of seepage from higher 
regions. As mentioned further on in the chapter on alkali, impor- 
tant low-lying areas have been seriously damaged by overburden- 
ing the subsurface drainage. The alkali soils, as sliown on the soil 
map, approximately coincide with the areas of stagnated drainage. 
There are some defectively drained soils not badly affected by alkali, 
chiefly along Fresno Slough and around Tulare Lake, where over- 
flow and leaching has been sufficiently frequent to offset the tendency 
toward accumulation. 



Fresno County was formed in 1856, Tulare County in 1852, and 
Kings County in 1893. The following table indicates the growth of 
the population of these counties, according to the census : 



Puiiulutiiin of Fn 



, Tulare, and Kings Countie- 





Fresno Couuly. 


Tvilflre County. 1 


KluES County. 


yeor. 


RUT.,, 


ITtban. 


Tolsl. 


Rural. 


Urbau. Total. 


Rural. 


I'rban. j Tirtal. 


ISSO 


9,m 

21.208 
Ki,392 
»6,SM 




9,478 
32,038 
37,862 
7S,«i7 


11,381 
19,082 

2S,m 




11,3SI 
24,574 

33,440 




i 




10.818 
12,470 
29,091 


10, OM 






"^ 


11,401 


2,929 o,a7i 

4,829 ! 16,330 



' Count; reduced in siie beiwecu 1890 and 1900. 

The total population of the three counties in 1910 was 127,327. and 
it is estimated that the total for the portions of the counties included 
in this survey was about 118,200, indicating the sparsely settled char- 
acter of the portions outside the area. Of this total for the area, 
about 72,000 are in the included part of Fresno County, about 31,000 
in the Tulare County portion, and 15,200 in the Kings County por- 
tion. On this basis the part of Fresno County within the survey has 
an average population per square mile, including the urban popula- 
tion, of 28.58; Tulare County, 26.67; and Kings County, 25.89. The 
population of all the counties has increased substantially since 1910, 
the proportionate increase being perhaps as great as that of the 
decade from 1900 to 1910. 

The inhabitants are largely native-born whites, this class consti- 
tuting 73 per cent of the population of Fresno County, 85.3 per cent 
of that of Tulare County, and 77.5 per cent of that of Kings County. 
Foreign-bom whites make up 21,1 per cent, 11.1 per cent, and 17.2 
per cent of the population of these counties, respectively. The re- 
mainder is largely Chinese, Japanese, and Indian, negroes consti- 
tuting a negligible percentage. Natives of Denmark, Grermany, Italy, 
Bussia, Sweden, and Turkey predominate in the foreign-bom popu- 
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lation of Fresno County, those of Germany and Mexico in Tulare 
County, and of Portugal and ifesico in Kings Comity. Mmv than 
one^half the total population of the survey is concentrated in the 
eastern third of the area. The central third is thickly populated, but 
the western third is very sparsely settled, Mendota, Tranquillity, 
Huron, and the oil-producing region around Coalinga being prac- 
tically the only centers. 

Fresno, the county seat of Fresno County, is the lai^^est city in 
the San Joaquin Valley and the principal business center for an 
extensive region. It is the center of the raisin industry of the coun- 
try. It has gained in population from 1,112 in 1880 to 24,892 in 1910. 
Visalia, the county seat of Tulare County, is one of the older towns, 
and is located in a fruit and general-farming region. It had a pop- 
ulation of 2,885 in 1890 and 4,550 in 1910. Hanford. the connty seat 
of Kings County, is located nearer the center of the valley than any 
other place of equal importance and is surrounded by deciduous 
fruit, dairying, and general-farming industries. It had 942 inhabi- 
tants in 1890 and 4,829 in 1910. The three county seats were the 
largest cities of the area in 1910. Porterville, in the southeastern 
part of the area, with 2,696 inhabitants in 1910: Lindsay, farther 
north, with 1,814 inhabitants; and Strathmore and Exeter are 
located near the foothills and are important centers in the citrus- 
fruit belt of Tulare County. Other towns in Tulare Connty are 
Tulare, with 2,758, and Dinuba, with 970, inhabitants in 1910; Sul- 
tana, Orosi, Cutler, Tipton, and Goshen. Other towns of local im- 
portance in Kings County are Armona, Lemoore, Corcoran, and 
Stratford. Fowler, Selma, Kingsburg, Eeedley, Sanger, Kerman, 
Clovis, Laton, Mendota, and Coalinga are in Fresno Coonty, the last 
two being on the west side of the valley. Coalinga had 4,199 popu- 
lation in 1910 and is the center of one of the most important oil- 
producing regions of the State, the production in 1912 frmn this sec- 
tion amounting to 19,911,820 barrels, valued at $8,768,303. There are 
numerous small towns and shipping points throughout the survey in 
addition to those named. 

TBiW SPORT ATION. 

Main and branch lines of the Southern Pacific and of the Atchison, 
Topeka & Santa Fe Railroads furnish the principal rail trans- 
portation of the area. The main San Joaquin Valley tine of the 
Southern Pacific lies midway between the valley trough and the 
eastern edge of the valley. It divides at Fresno, one line crossing 
the valley to the west through Kerman and Mendota, where it leaves 
the area to the northwest, while the other line continues from Fresno 
northwestward along the east side of the valley. These two lines 
reunite at Tracy, in the lower portion of the valley. Another line 
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of the Southern Pacific leaves the main Hite ut Fresno ami runs 
southeastward along the higher valley slopes through Sanger, Beed- 
ley, Exeter, and Porterville, rejoining the main line at Famo&e, 
soolh oi the area. From Gosh^i Junction, on the main line of tiie 
Southern Pacific, branches run east through Visalia to Exeter and 
west acr«es the valley to Coalinga. A branch from the latter line 
at Armona runs northwest to Kerman. There are other branch lines 
of the Southern Pacific^ as from Fresno ntn^beast to Friant and east 
from Porterville. 

The transcontinental line of tlie Atchison, Topeka & Santa Fe 
Bailroad lies west of the Southern Pacific main line in the southern 
part of the area, but crosses to tlie east at Fresno. From Corcoran 
a branch runs northeast through Tulare, Visalia, Cutler,. Dinuba, 
and Keedley and rejoins the main line at Fresno, A branch runs 
north from Keedley to Minkler, and fi^m. the latter place a newly 
constructed line, known as the Minkler & Southern, runs southeast- 
ward through the citrus-fruit belt to Porten'ille, The Laton & 
Western Railroad, affiliated with the Santa Fe, serves an area west 
of Laton, in the middle of the valley. The Hanford & Summit Lake 
Eailroad affords transportation to some «f the low-lying region in 
the trough of the valley. The Visalia Electric Bailroad operates 
lines connecting Visalia, Exeter, Lemoncove, and Woodlake. and is 
now engaged in further construction. Snbnrban electric lines nm 
from Fresno to Clovis and northward from Fresno. Most of (he 
developed regions are well supplied with transportation facilities, 
but much of the west side of the valley is without rail lines. 

The highways of the area vary greatly in character, the thickly 
settled regions being well supplied with good roads and the sparsely 
settled sections, such as the west side, being practically without im- 
proved roads. A main line of the State highway system parallels 
the Southern Pacific Bailroad throughout the area and is now im- 
proved as fur south as Goshen Junction, with branches east and 
west to Visalia and Hanford. It is planned to continue construction 
on this trunk line to the south to connect with completed sections 
toward I-os Angeles, while another branch is planned across the 
Coast Bange Mountains to connect with the State highway along 
the coast; Kings County is building an extensive system of penna- 
nent highways, and the tendency throughout the area is toward 
highways of expensive and durable construct ien. Main roads are 
well graded and oiled. Automobile stage and express lines connect 
practically all the towns, being run en estabti^ied seliedules and at 
rates which compete with railroad tariffs. 

The spectaliaed agricultural prodacts of the area, including dried 
and canned fruits, raisins, and wines, the citms fmits, and to a 
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less degree table grapes and fresh fruits, constitute a large part of 
the income products of the area and are widely distributed through- 
out the countrj'. Hay. dairy and meat products, and most of tlie 
more bulky or perishable products are marketed or consumed within 
the area or are shipped to less distant markets than fruit. 

Telephones are in common use throughout the rural regions. 
Electricity is furnished for home use and for piuiiping for irrigation 
by a network of lines rndiating from power plants located along the 
rivers in the mountains to the east. 



The climate of the Middle San Joaquin Valley area is typical of 
that of interior Ciilifornia. The year is divided into two seiisons 
which contrast in precipitation and humidity as well as in tempera- 
ture. Tiie summer, or dry season, comprises the late spring, summer, 
and early fall months, extending approximately from Slay to Sep- 
tember inclusive Measurable rainfall is often lacking for sevei'ul 
months during this season, and an average of less than one-half inch 
falls from June to September inclusive. Temperatures average high 
during this season, with readings of 100° to 110° F, or more not 
unusual in midsummer, the extreme heat being alleviated somewhat 
by a very low humidity. The winter, or wet season, includes the 
late fall, winter, and early spring months, extending from about 
October to April, in which time nearly all the normal rainfall 
occurs. During this period temperatures average lower and the 
relative humidity mudi liigher, with frequent frosts and low tempera- 
tures ranging several degrees below freezing. 

Conditions of temperature, precipitation, humidity, and wind 
movement vary somewhat from place to place in the area. Hot, 
dry summers contrasted with cool, wet winters are the rule through- 
out the San Joaquin and Sacramento Valleys, witli minor local 
variations in climatic conditions that have a marked influence on 
agricultural practices. For the sun-dried fruit industries dry sum- 
mer and early fall montlis are required, the citrus industry depends 
upon unusual freedom from frosts, and certain crops, such as English 
walnuts and lima beans, seem to i-equire cooler localities of high 
relative humidity. 



The following table gives the precipitation as recorded at four 
weather bureau stations within the area. The Fresno, Visalia, and 
Porterville stations are on the east side of the valley, the last named 
being near the foothills. The Mendota station is on the west side, 
but near the valley trough. 
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The precipitation is greatest along the foothills on the east side of 
the valley, and decreases gradually to the west and south, the west 
side of the valley receiving much less rain than the east side, Tha 
section of the valley covered by this survey has a lower rainfall than 
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the northu^ part, as indicated by the mote northern stations at 
Stockton, Modesto, and Merced, on the east side, with average pre- 
cipitations of 14.57, 11.32, and 10.82 inches, respectively, and at 
Tracy, Newman, and Los Bsnos, on the west side, with 10.37, 11,18, 
and 8,52 inches, re^ectively. The rainfall is higher, ho'wever, than 
m the uppe^ part of the valley to the south where the mean annual 
precipitation at Bakersfield and Delano is recorded as 5.39 inches 
and 6.39 inches, respectively. Precipitations for other stations within 
the area are Lcmoncove with 15.95, Reedley witii 11.70, Sanger with 
10.61, Selma with 9, Tulare with 8.17, and Hanford with 8.54 inches. 
These figures illustrate how the rainfall decreases to the south and 
west, and while complete figures are not available for the southwest- 
em section of the area, the average is lower than for Alendoti 
There is considerable yearly variation in the rainfall, and its seasonal 
distribution also is variable, as most of the annual precipitation some- 
times occurs within a short period. 

The region is semiarid to arid, dry-fanning being practically re- 
stricted to the prodnction of hay and grain, except on some of the 
moist, low-lying subirrigated lands, on wbich some other crops can 
be grown withont irrigation. Broad areas on the west side of the 
valley require irrigation, even for grain. Snow is rare, having fallen 
in appreciable amounts at Fresno only twice since the establishing of 
the local Weather Burean office in 1S87. Hail and thunderstonns 
also are infrequent. 

The following table gives the mean monthly and annual and the 
maximum and minimum temperatures for several stations in the area : 
Mean monthly and anmial ana tnai^mttm and minimum temperatures. 
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Froet and freezing temperatures vary sufficiently within the area 
to have affected the distribution of the fruit belts. The following 
table gives frost data for several stations : 
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Unusually early fall or late spring frosts sometimes do damage to 
fruits, but afi a rule the various crops are confined to belts within 
which there is a minimum of danger. Belatively eleva,ted areas with 
favorable air drainage are least susceptible to frosts as contrasted 
with flat positions of low gradient on the valley floor. 

eUNSBrN3£, HITMHUTT, Aim WINDS. 

This area has a higher percentage of sundiine than iho lower sec- 
tions of the San Joaquin and Sacramento Valleys. The dimmer 
months are practically cloudless, the average percentage of sunshine 
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• at Frenso for July being reported as 97. Fc^ stHnetimes form in the 
winter, generally in the night and each m<H7)ing. They are low and 

. confined chiefly to the lower lands. The average percentage of stm- 
shine at Fresno for January is given as 36. 

The area is one of low relative humidity in the summer, the aver- 
age for July at Fresno being reported as 49 per cent at S a. m. and 14 
per cent at 5 p. m. The winters are moister; the humidity is given as 
98 per cent at 5 a. m. and 71 per cent at 5 p. m. for January at Fresno. 
The prevailing winds are from the northwest They attain their 
highest average velocity in May and June, being reported at Fresno 

■ as 7.3 and 7.7 miles per hour for these months, respectively. Winter 
rains are often preceded or accojnpanied by southerly winds. 

AGBICCLTURE. 
BISTOBT AKD DEVELOPMEBT. 

The agriculture of this area has passed through transitions similar 
to those attending the development of most other parta of interior 
California. The earliest fanning was localized along the. streams 
and was subsidiary to mining and stock raising. Kelatively few crops 
were grown, including vegetables, hay and grains, and some fruits. 
Stock raising was practiced on the open range in the valley, where ; 
cattle and sheep were grazed during winter and spring, often being 
driven to the mountain meadows in the summer. The first railroad i 
construction gave an impetus to agriculture, the most pronounced 
effect being the sudden increase in the acreage of dry-farmed grain ' 
on the valley plains. The stock ranges were rapidly restricted and 
the area became primarily devoted to growing dry-fanned grains I 
under extensive methods, although wide areas were unfit for grain | 
production either because of alkali or insufficient rainfall. As in 
other parts of the State, yields of grain were large and profitable in 
the beginning but decreased later, until it became necessary to fallow 
the land in alternate years, which practice still prevails over ihe 
grain lands. Wheat was largely grown at first, but later was par- 
tially displaced by barley. 

Grain growing as a dominant factor in the system of agriculture 
has in turn been supplanted by the production of a wide range of 
fruits and other intensive, more profitable, crops. This later change, 
which is still under way, has been due almost entirely to the develop- 
ment of irrigation during the last 30 years. 

PBESENT CDNDITIONB, 

The present agriculture consists chiefly of the production of highly 
specialized income, or money, crops for export to nearly every part 
of the country. Fruit products easily rank first in importance; most 
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of the industries and occupations of tlie area are centered about fruit 
growing. Alfalfa and grain growing, dairying, and stock ra,isiiig 
are important locally, but usually are confined to regions unsuited 
to the production of fruits by reason of climate or soil conditions 
or lack of water for irrigation. The tendency toward specialized 
fruit crops has been continuous for several decades, and various 
adverse conditions have only temporarily checlied the increase of 
the fruit acreage. The area is the center of the raisin and fig indus- 
tries of the United States, and is prominent also in the production 
of many deciduous and citrus fruits. In the census of 1910 the value 
of all crops in Fresno County is given as $7,991,187, in Tulare 
County as $5,353,994, and in Kings County as $3,180,114. These 
figures do not include the value of animals sold or slaughtered, or 
of dairy and poultry products. The total, $16,525,295, includes three 
groups of products: Fruits and nuts (of which nuts are insignifi- 
cant) total a value of $8,552,958, cereals a value of $2,503,607, and 
hay and forage crops a value of $4,236,528, These values greatly 
exceed those of live stock and live-stock products in the area. In the 
1910 census the total value of animals sold and slaughtered in the 
three counties is given as $4,180,268; of dairy products, excluding 
home use, as $2,667,923; and of poultry and eggs, $993,418. 

Climatic and soil factors have an important influence on agricnl- 
ture, as is indicated by the diversity of industries, based on local 
variations in one or both of these factors. 

Eelatively little money is spent for fertilizers. The three counties 
of the survey in 1910 had 614 farms reporting the use of commer- 
cial fertilizer, with a total expenditure of $77,046, or an average of 
about $125 per farm. 

Labpr usually is sufficient to care for the crops. The variety of 
fruit crops with their different periods of ripening gives rather 
better labor conditions than prevail in many fruit sections. Most of 
the industries require specialized labor. In the 1910 census the 
counties of the area report a total expenditure of $6,651,864 for 
labor on 8,010 farms. 

The average size of the farms in Fresno County is reported as 
177.8 acres, of which an average of 94.5 acres is improved; in 
Tulare County as 259.9 acres, of which 126.1 acres are improved ; and 
in Kings County 203.5 acres, with 107 acres improved. These fig- 
ures include the sparsely settled parts of the counties outside the sur- 
vey, and represent larger holdings than prevail in the area. The 
most intensively farmed sections of the survey comprise small, fully 
improved farms. Large holdings have been subdivided progres- 
sively since the advent of intensive agriculture, but there are some 
estates ranging from several hundred to many thousand acres. The 
■ census reports 50.4 per cent of the area of Kings County, 33.6 per 
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<xat of the area of Tulare County, aad 29.1 per <jait of the area 
of Fresno County m farm ImicIs. Freaoo Couaty reports 5^7 
farms operated by owners, 739 by tenants, and 279 by managers; 
Tulare County, 3,307 operated by owners, 4*6 by tenants, and 218 
by managers; and Kings County, 1,391 by owners, 390 by tenants, 
and 56 by managers. 

Land values have an estremely wide range and are greatly in- 
fluenced by such factors as irrigation possibilities, climate, and drain- 
age, as well as by the character of the soil. Some of the best soils 
of the area are the cheapest, owing to a lack of irrigation water, as 
OD the west side of the valley, where some land may be had for $20 
an acre or less. On the other hand, certain shallow, hardpan soils, 
incapable of supporting any deep-rooted crop without blasting, are 
locally valued at several hundred dollars an acre, owing to their 
location in the citrus belt. Mature citrus groves on tliese soils may 
command a price of $2,000 or more an acre. In general, the cheapest 
lands of the area are (1) those with very remote irrigation possi- 
bilities, which have at the same time little or no value for dry-farmed 
crops, and (2) the badly affected alkali lands. Values in such cases 
usually range from less than $20 to $30 (h* more per acre. The highest 
priced lands are those which have good soil and location with avail- 
able irrigation water, and which are adapted climatically to several 
-of the leading deciduous fruits or to citrus fruits. Such lands are 
valued at upward of $300 an acre. Good alfalfa land ranges in price 
from a little less than $100 an acre to $200 or more an acre, the 
higher values usually being attached to lands having some fruit- 
producing possibilities. Vineyards, orchards, and other developed 
lands vary greatly in value, but there is often a consistent relation 
between the value of an (Hx:hard or vineyard and its o«^t as measured 
by the investment in raw land and expense of development. During 
periods of low prices for products values tend to become lower, with 
corresponding increases under the influence of good prices. In the 
1910 census liie average assessed value of farm land is given as $67.90 
in Fresno County, $61.67 in Tulare County, and $69-57 in Kings 
County. 

The principal crops are briefly mentioned below. Most of the craps 
are discussed fully in special bnlletios of tlie United States Depart- 
ment of Agriculture, the University of California Agricultural Ex- 
periment Station, the California State Commission of Horticulture, 
the California State Board of Agriculture, etc 



The production of grain crops, while important, does not compare 
in extent with that of the northern part of the San Joaquin Valley 
or the SacramMito Valley. This is due largely to the lower rainfall, 
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wHch in mudi of the area is too low for profitable gram produotioB. 
As estimated fj-Mn the United States obmus for 1910, there war© 
within the area surveyed aboat 75,000 acres in wheat, 70,000 acres in 
harley, 2,500 acres in oats, and a negligible acreage ot lye. In addi- 
tifoi to this approzinmte total of 147,500 acaw of grain, it is estimated 
tbat a total of about 100.,D00 acres of grain was cut gre«i fcH- hay. 
The greater part of the grain is produced in Tulare County, that cat 
for hay bmag about equal in Fresno and Tulare Counties, but much 
less in Kinjp County. Yields vary widely on different soils, and also 
depend on the amount and diitfribution of rainfall. A greatly vaiy^ 
ug acreage is dry farmed to grain on the west side of the valley, but 
the rainfall is not sufficient bo insure success. The highest yields of 
grain are obtained on the lowlands, ss around Tulare Lake. The bed 
■of this lal« is pIaiU»d to grain in dry years, when the lake recedes, 
but there is the ever-present danger of the lake again e^Epanding and 
drowning out the crop, «xoept where well protected by lavees. 

Little grain is grown on the higher lands of the east side of the 
valley, such crops giving way to fruits, which are more profitable 
wherever water is available for irrigatioi). On some of the lands 
where water is oot yet available grain is still produced, but the yields 
are low,' 

Grain is steadily being displaced by more intensive, irrigated crops 
throughout much of the ssea. Summer fallowing and fall planting 
are the practices graierally followed, and combined harvesters are 
used to harvest the crop. Botatioss are seldom practiced in growing 
grain, because of insufficieiU; moied^ure, and manure and cover crops 
have proved of little or no value in mn^nfa^^^^ng the producdveDSBs 
of the soil, owii^ to the lack of suffioieiU; moistuse to decompose 
them properly," 

OTHEB PIBLD AlfD TBTJOK CtOPB. 

Alfaifa. — ^Alfalfa is an extensive and populm- crop in localities 
where fruits and vines do not give more profitable returns. In 
regions adapted to the fruit industries, alfalfa, bmng less profitable, 
is grown only in small, scattered fields. It is grown most extenmvdy 
on the valley floor in Fresno and Kings Counties and on the lower 
parte of the Kaweah Eiver and Tule River deltas in Tulare Coimty, 
Small irrigated areas are grown <m. the west side of the valley, but 
the insufficient supply of water there restricts the extension of the 
crop. The 1910 census reports a total of 122,210 acres in Fresno, 
Tulare, and Kings Counties producing alfalfa, of which only a few 
thousand acres were outside the area surveyed. Alfalfa is the 

'Bol. No. ITS, BnreaB ot Flant Imdoatir. C R. Dept at ^r., 
Vfae&t Crop Id CaUtorala." 

1 "A CompBTliioD ti( Annaal Cropping. BleonlBl Cropping, nod G 
TOM of -WbrnW BaL3lo.XJ0.Ati. Bxyt. atm.. Bttt*!*/, Cal. 
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principal forage crop of the area, the acreage of grass and hay cn^, 
such as clover and timothy, being negligible. 

Alfalfa is grown on a wide range of soils, including all textnres 
from sand to the heaviest clay adobe. All the recent alluvial soils 
and several of the old valley-filling soils are utilized locally, but the 
best yields are obtained on deep, friable soils of medium or slightly 
lighter than medium texture and well supplied with lime. Such 
soils as the loams and sandy loams of the Hanford, Foster, and 
Panoche series are well adapted to the crop. Soils 6 feet or more in 
depth are most desirable; hardpan near the surface is very detri- 
mental. Alkali in very small quantities does not prevent the grow- 
ing of the crop provided ft stand can be obtained, but lat^ quanti- 
ties prohibit its profitable production. Land in which alkali is 
accumulating through lack of drainage osuaUy is avoided, unless 
artificially drained. 

Irrigation is essential for alfalfa, except in moist subirrigat«d 
areas. Where possible the crop usually is irrigated once to the cut- 
ting and sometimes oftener, but frequently water is not available 
during the late summer and fall, which reduces the number of cut- 
tings and the total yield. It is the practice in some localities, notably 
in Tulare County, to install pumps to supplement gravity water by 
supplies from underground sources, and some alfalfa is grown by 
the use of pumped water exclusively. Pumping sometimes has the 
desirable effect of lowering the water table. 

Yields vary widely, depending chiefly Upon the depth and char- 
acter of the soil and the quantity of water available. Many fields 
yield as high as seven cuttings per season, with a total of 8 or 10 
tons per acre, but the average is only about 3 or 4 tons, as fields re- 
ceiving very little water and little care give very low yields. Alfalfa 
may be pastured, or cut several times and pastured later in the 
season. 

Much of the alfalfa is fed on the ranches to dairy stock. It is 
also baled and shipped to the fruit sections, which produce little hay. 
Little or no alfalfa seed is produced in the area. The price of alfalfa 
hay varies greatly, but the average price in the stack is about $6 or 
$8 a ton. 

Nonsaccharine sorghums. — A considerable acreage of the nonsac- 
charine sorghums is raised in widely distributed localities. Among 
the most popular varieties are the white durra (Egyptian com), 
feterita, milo, kafir, and shallu. Dwarf milo and feterita are per- 
haps the most popular of these. The census of 1910 gives the total 
acreage of milo and kafir in the three counties of the survey as 
16,607 acrea These crops are grown in scattered fields on the west 
side of the valley, being planted largely on lands which receive in- 
termittent overflow in the winter months, providing the i 
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moisture, A large acreage is grown without irrigation on the nat- 
urally subirrigated lands of the east side of the valley, and the crops 
are dry farmed on the higher lands, with varying success. Irriga- 
tion is practiced for best results on the drier soils. 

Little attention has been paid to the adaptation of soils to these 
crops, except that they are generally planted on soils which 'are less 
productive of other crops because of alkali or other im^favorable 
conditions. On the west side of the valley they are grown on the 
lighter textured soils, such as the sandy loams and loams. On the 
east side they are grown extensively on soils moderately affected 
with alkali, and thus nnsuited to other crops or on soils unguited to 
fruits and having insufficient water for alfalfa. Some of these crops 
are grown on good, deep alluvial soils of medium texture, in which 
case the yields are high. The yields are not seriously impaired by 
small quantities of alkali, but are very low in badly affected fields. 
These crops are not well adapted to the heaviest soils, although 
they produce profitable returns on such soils when other conditions 
are favorable. Light soils yield good crops where proper moisture 
conditions can be maintained. 

The crops are easy to produce and are popular, as they are subject 
to few diseases, except occasionally smut. Insect pests do little dam- 
age, but certain kinds cause some trouble by feeding on the ripening 
grain. Rotation is necessary to maintain good yields, such crOps as 
beans, sugar beets and grain being well adapted to this purpose. It 
is possible to grow the crops after harvesting winter grain, or two 
crops of the sorghums may be grown in one season, the second being 
cut for ensilage if desired. Harvesting is done by hand or with a 
binder, the former practice being expensive. 

Yields vary from almost nothing to 2 or more tons per acre, the 
higher yield being possible only on the best watered soils. The 
average yield is low, owing to the poor soils often used for the crop 
and the lack of water and care. The market price in. Fresno averages 
about $25 per ton. 

Hice. — The introduction of rice growing in the State and its suc- 
cess In the Sacramento Valley has been followed by many plantings 
in this area, with indications that larger plantings will be made in the 
near future. The commercial production of rice in the State began 
about 1910 and has since developed very rapidly, especially in Butte 
County, where the acreage in rice in 1915 exceeded lii.OOO. There 
are no extensive acreages in this area, but numerous small fields give 
varying results. Most of the crop is grown in scattered plantings 
on the lower lands in the Tulare Lake basin, largely with pumped 
water. In many fields, owing to the inexperience of the growers, 
the average yields are low. 
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Sice is grown under widely differing eoll and other conditions. It 
has been welcamed as a iiossible fiolutiou of the alkali -land problem. 
Certain conditions, howev^, are necessary for its successful pro- 
duction. The crop is best adapted to a heavy impervious soil, but 
can be grown on soils of light texture provided the water table is 
high or tiiere is a hai-dpan or other Impervious stratum near tlie sur- 
face to reduce the loss of the surface water by percolation. A large 
quantitr)r of water, totaling from fi to 10 acre-feet, is absolutely neces- 
sary, as the crop must be kept flooded from the time of germinatioB 
^mt^l ready to harvest. On suitable soils which have carefully been 
leveled it may be possible to produce good yields with the minimum 
amount of water mentioned, but on soils of light texture or of less 
impervious structure the maximum or even greater quantities will be 
neoesaary. Drainage must be such that the water may be removed 
at harvest time. A relatively high percentage of alkali can be tol- 
erated, although the most ^ongly impregnated soils can not be used. 

Under favorable conditions yields of 30 to 40 sacks per acre may be 
ohlAined. Great care in leveling the fields and in keeping sufficient 
water on the crop at all times are of primary importance in obtaining 
the best results. It is unprofitable to grow the crop where water for 
irrigation is expensive. 

Sttgar beets. — During Mcent years the production of sugar beets 
5ii the area has decreased aad beet-sugar factories have closed. Re- 
eent increases in sugar prices, however, have revived interest in this 
industry, and during tlie season of 1916 factories reopened and a 
considerable acreage of beets was planted. Many of the beets con- 
verted into sugar by the local factories are grown farther south in the 
valley and the acreage grown within the area remains small. Most 
of the beets in the area surveyed are grown in the lower Tulare Lake 
baciin. According to the census of I&IO, about 2,000 acres of beets 
were grown in the three counties of the survey. 

' Com. — ^About 5,000 acres in the area are devoted to com. This 
crop is usually produced on the lower soils and under conditions of 
higher humidity than the average for the area. The low relativo 
humidity and heat of the summer are unfavorable to the crop. In 
some of the river bottoms and lowlands com does well, but in gen- 
eral the crop is not of great imjKurtance in tJie area. 

M-elons. — A considerable acreage of melons is planted on the 
lighter- textured soils, especially in Fresno County. Watermelons, 
cantaloupes, cassabas, and Persian melons are produced. This in- 
dustry is largely in the hands of Armenians. The prices received 
fluctuate widely, the highest being commanded by the early product. 
The price also varies greatly from season to season, and the crops 
either may be very profitable or may entail considerable loss. The 
late melons also bring high prices, but tiiey are subject to injury by 
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rain and frost. The Fresno district is well adapted to melon cul- 
ture, owing to its favorable aoils and climate, but the distance to 
markets and t^ iitA that it is not among tiie earliest producing dis" 
tricts of the Stat« are disadvantages. Soils adapted to melon cul^ 
ture are gwierally profitable iM-oducers of grapes and fruits as weH, 
and these crops are generally preferred. 

Miacellaneo'ae mitu>r oropt. — Numerous other minor crops are 
grown in the area, some of whidi, tlu)Ugh locally important, are not 
produced in su£Bcient volume to be important in the general agri- 
culture. Eucalyptus is prominent, plantings ranging in size from 
several acres to c<msiderable tracts being scattered throu^out the 
area. Practically no plantings are now being made except as wind- 
breaks. Cotton has been sucoessfuUy grown but has ncA become com- 
mercially established, and tobacco of the Turkish variety is gron'n 
to s«ne extent. It is reported that Fresno and Tulare Counties 
together produced about 150,000 pounds of tobacco in 1912. There 
is an evident lack of experieaice in growing, handling, and mar- 
keting the crop. A wide variety of vegetatdes are produced for 
home Qse, and the total acreage of the small gardens is quite lai^. 
There are a few important c(»nmeTcial plantings of vegetables and 
truck crops. 



Grapes. — Grapes are amoeg the most important products of the 
area. About 73 pcx- oent of the vines are raisin varieties, the re- 
mainder consisting of varieties suitable for tiie making of wine and 
for table use. The census of 1910 reports 40,687,207 vines in Fresno 
County, 7,227,491 in Tulare County, and 4,538,7^^ in Kings County. 

Fresno Comity normally produces considerably more than cme-half 
the raisin crop of the State, which was estimated as 264,000,000 
pounds in 1913, and Tulare and Kings Counties produce an important 
part of the remainder. The most popular varieties of raisin grapes 
are the Muscat, Sultana, and Thompson Seedless, the last two being 
seedless. Yields of raisins are heavy, but vary greatly with the vari- 
ety grown and the soils. 

A number of varieties of wine grapes are grown, including liie 
Alicante Bousdiet, Orenache, Zinfandel, aad several others. Sweet 
wines constitute the bulk of the wine product Considerable brandy 
also is produced. The table grapes are largely of the Malaga, Oocni- 
chon, Emperor, Tt^ay, and Thompson Seedless varieties. The T«kay 
does not readi the quality hero that is attained in other parts of the 
State, bat is marketed eariier. 

The grapes are produced largely on the higher lands, being ezfeea- 
sively grown in the region aroimd Fresno and sontheaatward to the 
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region of Dinuba and Orosi, and to a less extent on the floor of the 
. valley west of Fresno and in Kings County (PI, III, fig. 1). They 

- are grown on a wide range of soils, varying in texture from clay 

■ adobe to sand and representing all the soil series. Grapes are suc- 
cessfully grown on lands underlain by hardpan where it is not too 
close to the surface and where drainage is good (PI. I, fig, 2). While 
not so susceptible to alkali as some of the tree fruits, grapes will 
tolerate only very slight concentrations, and alkali-affected areas 
usually are avoided. Muscats do best on medium to fairly li^t soils 
and require abundant moisture. The Thompson Seedl^is gives best 
results on a deep sandy loam or loamy sand, but makes a good growth 
on a wide range of soils. Wine and table grapes are grown under 
widely varying conditions. Malagas thrive on moderately well- 
drained soils of medium texture. Tokays yield well on the heaviest 
soils and produce a fruit of high quality, but do not ripen as early as 
on the lighter types. 

Practically all the vineyards are clean cultivated, and as a rule 
commercial fertilizer is not used. Irrigation is generally practiced 
except where the soil receives sufficient water through natural sub- 
irrigation or is very retentive of moisture. The Thompson Seedless 
and table grapes usually are staked. 

Raisins are largely marketed through the California Associated 
Eaisin Co., which has done much to stabilize the market, and prices 

■ for raisins have recently been very saiisfactory. Table grapes are 

- packed and shipped to markets throughout the United States. Wine 
grapes and the culls of both raisin and table varieties are utilized at 
local wineries. 

Deciduous fruits. — ^Peach growing is a very important industry. 
It is reported that in 1916 • there were in the area 50,028 acres, in 
bearing trees, distributed as follows: Fresno County, 35^000 acres; 
Tulare County, 7,845 acres; and Kings County, 7,163 acres. Tulare 
County is reported to have 1,500 acres of nonbearing trees in addi- 
tion. It is estimated that there are over 5,000,000 trees in the three 
counties. The census of 1910 reports a total of 3,769,505 bearing 
peach and nectarine trees in the three counties, of which number the 
nectarines form a negligible perc^itage. Fresno County has a 
greater acreage of peaches than any other county in the State, and 
the industry in the ai-ea as a whole is second onlyto the production 
of grapes. Practically all the common commercial varieties of 
peaches are grown, but among the more important freestone varieti^ 
are the Eiberta, Muir. Lovell, and Crawford, while the Tuscan, 
Orange Cling, and Phillips Cling are among the important cling- 
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The peach industry is well distributed over the east side of the 
valley, through all the important fruit belts ; there are no commercial 
orchards on the west side. The crop is extensively grown and thrivea 
on the lighter textured, well-drained, alkali-free soils of the Fresno, 
Oakley (PI. Ill, fig. 2), Madera, Foster, and Hanford series, and on 
other soils. The loamy sands, sandy loams, fine sandy loams, and 
light loams give best results. Clean cultivation is the usual practice, 
and pruning, thinning of the fruit, and spraying are essential to 
success. Most orchards are irrigated, but in some important districts 
irrigation ie not necessary, this being particularly true of certain 
sections of Kings County where the water table is sufficiently 
near the surface to subirrigate the trees, although some orchards 
suffer both from alkali spots and from insufficient drainage. Certain 
other soils which are retentive of moisture produce fair yields of 
peaches without irrigation, but it is doubtful if maximum yields can 
be obtained in this way. The crop matures early and irrigation 
usually is not so necessary when a scarcity of water prevails in late 
summer and fail. Cultivation usually is practiced after each irriga- 
tion. Small quantities of barnyard manure are applied, but most 
orchards are not fertilized otherwise. The peach is sufficiently late 
blooming to be little affected by frosts in this area, and the early 
maturity of the fruit insures drying before being damaged by early 
fall rains. Peaches are dried, canned, and sold as fresh or "green " 
fruit. The green fruit generally is marketed locally or shipped 
short distances. Sun-drying the fruit prevails, and it is in this 
manner that the greater part of the crop is utilized. The canning 
industry is important in the towns and cities of the area; this is 
one of the important peach-canning sections in the State. The price 
of dried peaches has recently been low, but the recent organization 
of a cooperative selling association may result in more stable and 
profitable market conditions. 

Over one-half the fig crop of the State is produced in this area. 
According to statistics of the State Commission of Horticulture, 
there are in Fresno County 2,919 and in Tulare County 1,010 acres 
in fige. Figs are grown extensively as' border trees along roads and 
in yards, the total number of trees thus grown outside the orchard 
being very large. The common varieties are the Adriatic, the Mis- 
sion, and the Smyrna, but there are numerous other kinds. The 
fig is commonly grown from seed, and a number of local varieties 
have been developed. 

Figs are grown chiefly on the higher lands in the general fmit 
regions, especially in the vicinity of Fresno. They do best on deep, 
well-drained soils of medium texture, a high water table being 
unfavorable. Shallow soils, such as those having hardpan near the 
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■wrfsce, do not give good ie8alt& On pn^erjy sheeted soils with 
favorable water coodititKis the trees attain gteat size aiul age, aod 
whJi good care bear heavily. The length oi life of tite % tree in 
California is not de&utelj known, but tt«es ovsr half a {sentitry idd 
are still heavy bearers. 

The orchards usually are plaatod with the trees ixt squares 40 feet 
apart. While young the lAnd is intertilled, or the orchard may be 
planted 20 by 20 feet and the alternate trees rMnoved after 
th« trees have attained a siee sufficient to rukler this necessary. The 
txeea bear heaviest where they have plraity of roc»B, as in border 
rows. Bearing orchards are (dean cidtirfrfed, and may or oMj sot 
be irrigaJ^. 

The producti<m of apricots is much less important than that of 
peaches, there beings aooording to the State Commission of Horti- 
culture, about 4^80 acres of beanng and 968 acres of noiUwaring 
trees in the survey in 1&1& This represents a total of about 550,000 
trees, which ia an increase ov«r 1910, when &50^64 trees were re- 
ported in bearing. Fresno and Kings Counties each have about 
2,000 acres of bearing apricot trees, while Tulare Couidy has rally 
about 300 acres. Tulare County has about S50 acres and Fre^io 
County about 600 acres of nonbearing apricots. All of ths trees are 
g^wn on the east side of the valley. Fresno County holds fifth 
plaoe in apricot production among the counties of the State. 

The Tilttm, Soyal, Blutheim, and Moorpark u« the principal 
varietieB of tricots grown in thiB area. Apricots and peaches are 
grown on rather similar soils, but soils of medium testure, sudi as 
fine sandy loams and light loams, appear better adapted to apricots 
than those of li^itu- textura. Low areas u^ally are avoided because 
of pow drainage, alkali, and injury from frost. Late spring frosts 
and rain at bloonung time sometimes injure the crops. Irri^tion 
is generally practiced where the larg^ yields are obtained, but 
subirrigation seems to supply sufficient moisture in some plaiaes, as 
in Kings County. LUtle fertilizer is applied to the oKduurds, 
althou^ smail qsantities of barnyu-d manure are used. 

MoBt of the crop is marketed as dried fruit, an important part is 
canned, and aoam is sold as ^«en fruit. 

The State Commission of Horti<»ilture repents a total of 4,712 acres 
of olives in Fresno, Tulare, and Kings Counties, of wUieh more than 
three-fourths are in Tulare County. Many of the trees are young, 
but when they come in bearing the crop in this area will constitute 
•ji important part of the production of the State. Olives are gen- 
<eraUy grown in relatively icoSlr-iree situations on the higgler Lands of 
the fruit belt, and are produced on a wide range of soils, indudii^ 
hoth deep, recent alluvial soUs of light texture and old valley-fiUing 
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soils of medium to rather heavy texture, some of which are underlain 
by hardpan (PL I, fig. 2). 

The olives Mte pickled or used for soaking oil. The higher profits 
are obtained from pickling olives, both ripe and green fruit being 
used. Piekled ripe olives are the most conmum product, but the use 
of greeo oliws and of dHed or Gtreek olives Is increasing. Varieties 
adf^ted only to oil production are u»ially not f avoi«d. It is expected 
that a further development and a mdne general knowledge of the olive 
industry will lead to incxeased markets and profits. Considerable 
plantings have recently been made. 

Tulare County rants as the fifth county of the State in tJio number 
of bearing prune b^es, and Fresno and Kings Counties have im- 
portant plantings in addition. The acreage of plums is relativdy 
small. The State Commission of Horticulture gives the following 
acreage of bearing and nonbearing prunes and plums : Tulare County, 
4,000 acres of prunes and 700 acres of plums; Kings County, 1,109 
acres of prunes ; and Fresno County, 981 acres of prunes and 343 
acres of plums. Nonbearing trees are reported only in Tulare County. 
Some of the coast valleys and lower Sacramento Valley regions seem 
better adapted to prune and plum production than most of the San 
Joaquin Valley. 

The French prune is one of the chief varieties grown, and the trees 
usually are grown <m the myrobalan root. The prune thrives best 
tHl soils somewhat heavier tban those be^ adapted to peaches, various 
types of the Hanford and Foster series being very commonly used. 
Few of the orchards in this area are grown on soils as heavy as b 
clay loam, but soils of this texture are used elsewhere in the State. 
CleaJi cultivation of the orchards usually i« practiced, as is customary 
for apricots. Irrigation is practiced in some situaticHiB, but in Kings 
County many of the naturally subirrigated Boils do not require it. 
The scale is the principal pest of the prune, and this is kept in check 
with the oU spray. The yields of fruit are probably not so high as 
on the coast. 

The plantings of apples, pears, and cherries are ranall. The climate 
does not seem suited to these fruits, and they are grown largely as 
occasional trees or as minor plantings. They might be grown 
profitably in certain places with exceptional care, but it is not prob- 
able that they will become of great importance commercially. 

Citmts fruits. — The most important citms-fruit region of mt&iiar 
and northern California lies in the relatively frost-free belt altu^ 
the eastern foothill margin of the valley. The bulk of the citrus 
fruits of the State are produced in southern California, but the 
industry is growing rapidly within the area of this survey, especially 
in Tidare County, which produced considerably over .5,000 carloatb 
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in the season of 1914-15, Kings Coimty does not extend into the 
citrus-fruit belt and contains no commercially important plantings. 
Oranges are easily the predominating citrus fruit, with minor plant- 
ings of lemon and still fewer pomelo, or grapefruit, trees. The State 
Commission of Horticulture reports 1,788 acres of bearing orange 
trees in Fresno County and 19,750 acres of bearing and 22,560 acres 
of nonbearing orange trees in Tnlare County. Of lemons, 75 acres 
of bearing trees in Fresno County and 62 acres in Tulare County 
are reported, with 775 acres of nonbearing trees in the latter county. 
Most of this acreage lies in the present survey, the main exception 
being some important plantings south of PorterviHe. Tulare Counly 
has about 10,000 bearing pomelo trees, being the second county in 
the State in this respect, while it ranks fourth in number of bearing" 
orange trees. The Washington Navel constitutes a large proportion 
of the oranges grown, but the Valencia is locally important. 

Plantings of citrus fruits are controlled largely by frost condi- 
tions, and this has restricted the industry to the upper valley and 
lower foothill slopes in the eastern part of the valley. The industry 
originally centralized in the Porterville, Lindsay, and Exeter re- 
gions, but has gradually been extended until a somewhat continuous 
belt extends from east of Fresno to south of Porterville. The citrus 
fruits invariably require an unfailing and sufficient supply of irri- 
gation water, and this demand is fully as important as thermal 
requirements. Owing to the elevated position of the soils in the 
relatively frost-free localities and their proximity to the foothills 
they are often incapable of yielding large supplies of water from 
underground sources and are difficult to irrigate from gravity sys- 
tems, even where the supply from the latter source is reliable. Many 
localities along the margin of the valley otherwise favorable to 
citrus fruits are thus incapable of development at this time through 
lack of irrigation water. There are important situations, however, 
where pumping from- underground sources gives permanent supplies, 
and it is largely by aid of this that the industry has become estab- 
lished. Pumping from gravity canals to higher lands is sometimira 
r^orted to, but failure of such supplies must usually be guarded 
against by having access to an additional underground supply. 
Lands having both proper frost protection and a reliable water sup- 
ply are limited and Itigh priced, and this, together with the high cost 
of irrigation, the rr,fher slow-maturing nature of the trees, and the 
highly specialized character of the industry, makes the development 
of even a small acreage of citrus fruits a very expensive undertaking. 
The total cost of growing an acre of 5- year-old orange trees probably 
will range under present conditions from about $600 to $900, being 
in exceptional instances either a little less or more than these figures. 
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FtQ. 2— Looking South Across Redbank Ranch. West of Wooduake. 
Oranges and oliies on Potterville adobe soils on slopes In foreeround; gnpes, deciduous Iiulls, and 
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This includes as the principal items coat of land, development of 
a permanent water supply, trees and pla'nting, care, irrigation, and 
interest. Groves sometimes pay the cost of their care during their 
fourth year, and often return a profit during their fifth year. 

The citrus fruits are grown on a wide variety of soils, the tendency 
being to overcome soil deficiencies by additional care and special 
methods wherever the major controlling factors of frost and watts* 
are favorable. The heavy textured adobe soils of the Porterville and 
Olympic series are prcaninently used around Porterville and to a less 
degree farther north. The types of the San Joaquin and Madera 
series are extensively utilized around Strathmore, Lindsay, Exeter, 
and Orange Cove, it being necessary to shatter the hardpan with ex- 
plosives where it lies at shallow depths. Soils of the Hanford seri^ 
are planted only in a small way, as these and other recent alluvial 
soils often are not sufficiently elevated for frost protection. Several 
other soil series are utilized to a minor extent. 

The acreage of these fruits, especially oranges, is being increased 
rapidly considering the heavy investment required and the necessity 
of growing them in small plantings. The fruit ripens opportunely 
to command good prices, the Navels preceding t^ose from southern 
California. Smudging for frost prevention is usually not necessary, 
and it is possible that more extensive areas are capable of producing 
citrus fruits than those now thought well adapted to the industry. 
Several localities, • as around Strathmore and Orange Cove, have 
recently become important citrus- fruit sections. 

MisceUameom and smalZ fruits. — ^The small fruits are grovni only, 
in limited quantities. Numerous varieties of semitropical fruits are 
grown locally. A few avocadoes are grown in the thermal belt, and 
possibly the crop will later assume considerable importance in the 
more frost-free districts. Quinces, Japanese persimmons, and other 
similar friuts are grown occasionally. A small planting of feijoas, 
one of the few in California, is located at Sultana. Pomegranates 
are grown in considerable number but in scattered plantings, espe- 
ciaUy in Tulare County. The fruit is grown also in hedges or border 
rows. The acreage in orchard form is increasing on the higher lands. 
The market for this fruit is limited, although good prices often pre- 
vail. Strawberries and various bramble berries occupy a small acre- 
age ; together, they are reported on. about 350 acres in the 1910 census. 



The nut crop is relatively unimportant. There are minor plantings 
of almonds in the area and a very few of walnuts, although plantings 
of the latter in recent years total about 250 acres. It is not probable 
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that the area can achieve the supcess whidi attends the coast districts 
SH the productioD oi wshdits, but more exteufdve plantings may be 
made. Other nut crops are limited to occasional trees. 

AN I UAL inDUSTRIES. 

Dcm-ying. — Dairying is locally important in tlie area, and is 
Beariy always assodated with idfalfa prodoction. According to the 
census of 1910 the dairy prod-Qcte of Fresno Oonoty, ezdading those 
consumed at home, were valued at $850^240; those of Tulare Goimty, 
$983,482; and of Kings County, $884^1. The indurtry has ^vwn 
Tery rapidly since IdOO, with increasing attention to improTement 
of the herds and bettra marketing of tlw prodncts. There are many 
dsameries in tlie area, butter being the principal product, with rela- 
tively small quantities of cheese. Freraio Coimty was reported ia 1910 
&s hsTing 22,241 dairy cows on farms and rang^ ; Tulare County, 
26,765; and Kings Coonty, 18,593. The regions described as being 
important alfalfa prodooers are almost withcwt exo^>tion important 
in dairying as well. Alfalfa hay or pa^nre oonstitotAS the only feed 
f CK* many of 4he herds, but ensilage, tiu sor^ums, grain, and (Mb«- 
feeds f»e used iadduitally ac locally. The ealt-grass pastures of 
the alkali lands are often used in ctaijunctioo, with the alfalfa, 
•specially for pasturing the young stodc. Dairying osnally is print- 
able; and while the returns are kes per acre than in the caae of 
certain of the fmlt industries it is considered a' dependable aoorce 
of income if conducted under well-«staUished methods. 

Live stock. — According to die 1910 census there were in Fresno, 
Tulare, and Kings Counties a total of 307,084 cattle of all ages, 
including the dairy cows. Some of diese cattle are ranged in the 
hills during the summer, and a anall part belong in those parts of 
tiie coontiee not included in this survey. The three cKNinties reported 
in 1910 a total of ^,976 calvee, 6«,j^ othw cattle, 100,^2 swine, 
and 74,637 sheep and goats sold or ^n^itwred, with 4,812 horsee 
and mules sold. The inten^ve dev^pment of the area teiuls to 
restrict the number of cattle on the ranges, bat there is an acoHn- 
puiying even greater increase on the farms where general farming or 
dairy industries succeed the range. Estensive sections are b^ter 
adapted to pasture than to any other use. 

The counties togetiKr reported 111,975 hogs of all ages in 1910. 
Conditions are favorable for hog production, either as an incident 
of some of the othei lines of farming or as a special industry. The 
feed consists of various prodatts, inciadii^ alfalfa, the sorghums, 
pam, and the by-pi-odu<^ of the dairy industry. 
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A total of 225,560 dieep of all ages is reported in the three 
counties. Many of these are confined to the range portions of the 
survey, and sheep are uot eommon on the farms, although they are 
often grazed over tilled land tttter the crops are harvested. The 1910 
ceosns also reports a total of 8,044 goats in the three counties. 

There were 58,682 horses and colts and 8,703 mules and colts on 
the farms in the three counties in 1910, and sevei^ thousand addi- 
tional ftni™»1fi in the cities. They are lai^gely raised for local use. 

Poultry tmd eggs. — ^The poultry industry is conducted largely as 
an incident to major forms of agriculture, but there are scattered 
in^nces where it is specialized. In the 1910 census the total value 
of poultry and egg production is given as $419,265 in Fresno County, 
$325,658 in Tulare County, and $248,495 in Kings County. 

Bees.—Ths, census of 1910 reports S,242, 4,690, and 9,566 colonies 
of bees for Fresno, Kings, and Tnlare Counties, respectively, and 
the total value of these is given as $83416- The total value of htmey 
and wax produced is giveoi as $d3,356 in Fresno County, $12,028 in 
Kings County, and $17,434 in Tukre County. 



CI^SBIFICATIOtt, 

The area surveyed is a part of a great structural trough incloeed 
by mountains. It is believed that the crustal morem^its accompany- 
ing the uplift of the mountains were intermittent, as remnants of 
old valley deposits are now found at varying elevations above the 
valley floor. The valley floor has been deeply covered by accumu- 
lated wash from the surrounding mountains, the filling processes 
being still in operation. 

The system of soil classification used in this area is similar to 
that employed in other surveys of the same character in other parts 
of the State. The soils are largely included within four main divi- 
sions or provinces, («) residual soils, or those derived in place from 
the disintegration and weathering of consolidated rocks; (6) old 
valley-filling and coastal-plain soils, which are weathered and other- 
wise modified, old, unconsolidated, water-laid materials; (c) recent 
alluvial soils, or those of recent deposition which have undei^ne no 
important changes by weathering or internal modifications since they 
■were laid down; and (rf) wind-laid soils, or those owing their pres- 
ent position and character to wind action. 

The first three provinces include by far the greater part of the 
soils of the State; the residual soils predominate throughout the 
mountainous parts; the old valley-filling and coastal-plain soils are 
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prominent along the Talley margins as old terraces along streams or" 
as rCTonants of extensive, modified alluvial fans and mountain 
footslopes; and the recent alluvial soils prevail over valley slopes 
and floors covered by recent stream deposits. The residual province 
is inextensive in this survey, but is widely developed in the adjoin- 
ing mountains to the east and west. The old valley-filling and recent 
alluvial provinces include by far the greater part of the soils of the 
area, and of these the latter is somewhat the more extensive. The 
soils of wind-laid origin are the least extensive of the four main 
divisions. 

The soils in each division are subdivided into series on the basds of 
origin, color, structure, subsoil features, topography, and- drainage, 
etc., and each series is subdivided into " types " on the basis of tex- 
ture, or the relative quantity of sand, silt, or clay present. Soil types 
are sometimes subdivided into " phases," this differentiation being 
based upon minor variations in color, gravel content, depth, drain- 
age, or other features. The character of this survey prevents show- 
ing all the types and phases separately on the soil map, owing to the 
small scale of the map and the mixed occurrence of the soils, and in 
some instances they have been mapped in groups. Such groups 
usually include only different types of the same series, but occa- 
sionally soils of different series have been shown together. 

In this way the soils of the area are classiSed into 39 types or type 
groups, including Rough stony land, into which, owing to its non- 
agricultural character, materials of different origin have been thrown. 

IIE8IDUAL BOILS. 

The residual soils have been formed in place by the weathering of 
underlying rocks, and occur in the hilly and mountainous portions 
of the area. They often have dissected and uneven surfaces. They 
are typically well drained, and of variable depth, but the parent 
rock usually is encountered at less than 6 feet. They are frequently 
associated with Bough stony land and contain varying quantities 
of rock outcrop. The soils vary greatly in composition, and in this 
survey are derived from sedimentary, basic igneous, and quartz- 
bearing igneous rocks. 

The sedimentary rocks are principally calcareous shales and sand- 
stones, with smaller quantities of conglomerate. These rocks give 
rise to the residual soils along the west side of the area and supply 
most of the material forming the alluvial soils of the adjacent val- 
ley slopes. Two series of residual soils derived from sedimentary 
rocks, the Kettleman and Arnold series, are recognized in this survey, 
the former being the more estensive. 
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The basic igneous or quartz-free rocks are prominently developed, 
and weather into rounded hills and uniform slopes with heavy- 
textured soils predominating. The Olympic series, with minor 
undifferentiated bodies of soils belonging to the related Aiken series, 
is the only series derived from this character of rocks mapped in 
this survey. 

Igneous rocks are slightly less extensive in the area than those of 
sedimentary origin and are confined to the Sierra foothills along the 
eastern margin of the survey. Those of granitic character break 
down rather unevenly and form irregular surfaces with frequent rock 
outCTop and often with extensive areas of Eough stony land. Soils 
of the smoother areas of granitic origin are mapped as the Holland 
aeries, but include small undifferentiated bodi^ of soils belonging to 
the related' Sierra series. 

Tlie soils of this province are extensive in the area, and consist 
of unconsolidated, water-laid deposits which have undergone marked 
clianges in soil and subsoil and frequently in topographic features 
since they were laid down. They vary widely in color, organic-mat- 
ter content, and mineral composition, and their heavy, compact sub- 
soils and substrata are often among the most important features 
which distinguish them from soils of other provinces. They vary 
greatly in topography, but usually occupy sloping or rolling sur- 
faces or remnants of old, partially eroded alluvial fans or stream 
terraces which have either been elevated since the soils were laid 
down or have been left in their present elevated positions by streams 
cutting deeper channels through them. They usually lie intermedi- 
ate in position between the residual and recent alluvial soils and 
differ from the latter in that they are undergoing active erosion or 
are slowly being covered by the deposition of additional material. 
Their poorly aerated and less permeable subsoils usually make them 
leas desirable for deep-rooted crops and less capable of properly 
supplying moisture to growing crops. Eight soil series, the San 
Joaquin, Madera, Pleasanton, Antioch, Porter\'ille, Fresno, Merced, 
and Montezuma, are recognized in the survey as belonging in the 
group of old valley-filling and coastal-plain soils. 



The soils of recent alluvial origin are not only the youngest soils 
of the survey, but also in most of the areas mapped are still in 
process of formation. They usually have a smooth surface, and both 
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soil and subsoil are generally o|;>en and permeable, ag ctmtrasted with 
tM more ■uneven surfaced old valley-filling soils, which often hava 
heavy-textured, ctanpAct, and poorly aerated subsoils. 

The 'recent alluvial soils cover most oi the broad pla.in of the w«^ 
fide of the valley, and extensive areas occur in Kings County and 
along the larger streams of the east side. They characteristically 
occupy broad, gentJy sloping alluvial fans, valley slopes, and stream 
bt^toms, iMit as occuiring in this survey include a few types dept^ited 
in the ^.agnant w^rs of broad, flat, overflow baains and lakes. Tbey 
ftre derived frcon a wide range of rocks, including shale, sandstone, 
{scoiglonKrate, ^"anite, and various basic or quartz-free igneous rocks. 
They rank among the best agricultural soils of the area and are suited 
to a very wide range of crops where water is available for irrigation. 
Much of their extent is well drained, but bodies along the valley 
trough, in nearly flat or slightly depressed positions, or those un- 
favorably located along stream bottoms frequently have a high-water 
table and are affected more or less by seepage and alkali. 

The soils derived as wa^ from siedimentary rocks are extensive, but 
are confined to the west side of tfee valley trough. The Panoche and 
Laguna series are represwited. Those derived f«:«dorainantly from 
granitic rocks indude th^ Hanford, Foster, and Chino series, and 
those of undetermined or mixed origin are represeidAd by tiie Sacra- 
mento series. 



The soils of this" province are quite extensive in the area, being 
mainly confined to that part of Fresno County from Ciovis S(mih and 
southwest to Kings River. The soils cover low, undulating, wind- 
fonnwi ridges and are closely associ^^d with the sands of the Frekio 
and Madera series. They are quite uniform, and drainage is good. 
They consist mainly of material blown frMn the Fresnl* and Madera 
series, and differ from th^n in surface c<mfiguratioH, hardpan, and 
subsoil features. 

The Oakley series is the only representative of the province in this 
survey. 



UISCELLANEOXTS UATEBIAI. 



This includes a ^ngle class of material, Rough stony land, which 
is practically nonagricultural in this area. A small amount of un- 
differentiated Rough broken land is included in the Rough stony land 
as mapped. 

The following table gives the actual and relative extent of each' 
type or type group mapped; 
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Areas of afferent ioUs. 



Psnoche Imms 

Panocbe day looma 

Bantord fine sandy loam 

Kaaai sandy kam 

Bram phaM 

Fresno floe saady loun 

Bnnrnf^iaao ,„,.....^.. 

HMsn nmly IDBBB 

OaUey and Fntou aaiids, UDdU- 

lerendsted 

Foster sandy loams 

Boneh stony tand 

Chlnoand FieCer Idoids, uBdliTei- 

San Joaqutd sandy loams 

Uanwd tfl^iams andolaya 

HfiBvy phase ^ , 

Panocb« sandy loams 

lfan;ad loams. 

Eetllemao louo aad clay loam... 

HsnlOTd Butdy loam 

n«Hiui and Ueroed hwns, nndU- 



63,711 

SI. 962 
SO,t«0 



Fo-tetville adolM soils. .. 



HaUandlo 



oam SBd sandy It 

clay adobe 

Olympic adobe soils 

Arnold laBdy teams 

Panoche adobe soils 

Uadera day loams 

Olympic loams 



day loams, undlSenntlotad . . 
ToBd 



BOILS FROM RESIDUAL MATEBIAL. 



Kettixuam Sebibs. 



The soils of the KetUeman series are derived frctm interbedded 
calcareous shales, sandstones, and conglomerates. They range in 
color irom light gray to gray and include some browaish variations. 
They often appear browner when the soils Mre wet. The aibaoils 
usually are similar or slightly lifter colored and more compact than 
the surface soils, ranging from light gray or gray to brownish gray, 
with textures similar to or slightly Iwavier than the surface material. 
Bedrock usually is encountered at depths of less than 6 feet. Both 
the surface soil and subsoil are generally calcareous, effervescing 
freely with acid. The series occupies gentle slices, rounded hills, or 
mountainous areas. The soils are shallowest and most eroded on 
steep slopes, where occasional rock outcrop is present. They are 
generally treeless and but sparseJy covered with grasses. Drainage 
is well developed and usually excessive. Owing to prevailing condi- 
tions of low rainfall and lack of water for irrigation, the series is of 
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little agricultural importance and is utilized mainly for grazing. 
The series is quite extensive in this survey, and is represented by 
two groups of soils, the Kettleman sandy loams and the Kettleman 
loam and clay loam. 

EETTLEUAN SANDT LOAMB. 

The Kettleman sandy loams as mapped include the sandy loam 
and fine sandy loam types, of which the former is the more extensive. 

DescHptioTi. — The Kettleman sandy loam is a liglit-gray to gray 
or light brownish gray medium to coarse textured friable sandy loam, 
varying in depth from 8 to 20 inches. The type has been developed 
under arid conditions and on this account has a low content of 
organic matter. The subsoil is rather open and porous alsa Gravel 
and stones occur in small quantities over the surface, but do not 
materially affect tillage. The subsoil is similar to or heavier than 
the surface soil and ranges from gray or light gray to brownish 
gray in color. It generally rests upon sand^ones and shales at 
depths of less than 6 feet, and contains local concentrations of cal- 
careous material. 

The fine sandy loam differs but little from the sandy loam except 
in texture. It consists of light-gray to gray or brownish-gray 
medium to heavy textured fine sandy loam of somewhat more com- 
pact structure and of higher organic-matter content than the sandy 
loam. The type is retentive of moisture and tillage is not difficult. 

The group as mapped varies little, except in gravel content, the 
occurrence of minor included bodies of loam or clay loam texture, 
and occasional exposures of the subsoil where erosion has been most 
active. Some of the more brownish and less calcareous variations 
approach in character the related Altamont soils, which are of 
similar origin. 

Location, — ^The Kettleman sandy loams are not extensive. One 
body lies northeast of Coalinga, forming a part of Anticline Ridge, 
two bodies skirt the hills north and south of Cantua Creek, and 
another occupies the lower slopes of the Kettleman Hills. 

Topography and drainage. — The Kettleman sandy loams have a 
varied topography and occur chiefly on rolling hills of low eleva- 
tion and as slopes along the lower margin of the heavier types of the 
Kettleman series. The surface of the body northeast of Coalinga is 
rather uniform and smooth, while that of the other bodies in the 
area has been subjected to more or less erosion, which sometimes 
affects their value for farming. Rock outcrop is uncommon, owing 
to the feebly cemented and readily weathered underlying shales and 
sandstones. The soils have good drainage, but are not well adapted 
to irrigation. 
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Utilization. — These soils are largely untilled and are used almost 
entirely for pasture. Some small areas are used for the production 
of grain, but the yields are low and uncertain. 



The Kettleman loam and clay loam include the loam and clay loam 
of the Kettleman series, and of these types the former is the more 
extensive. 

Description. — The Kettleman loam consists of about 10 to 12 inches 
of a gray to light-gray or light brownish gray loam. The soil is 
friable, but less so than that of the Kettleman sandy loams. It is 
low in content of organic matter in its shallow phases, but where 
deeper it is better supplied with this constituent and retains moisture 
moderately well. Gravel and stones are of only local occurrence. 
The subsoil where distinctly developed is somewhat heavier and 
more compact than the surface soil, especially in the deeper phases. 
It usually consists of a heavy loam or clay loam of lighter color than 
the surface material. The soil sometimes rests directly upon the 
underlying shales and sandstones without an intervening distinct 
subsoil. The total depth of soil and subsoil ranges from about 1 foot 
to several feet, although bedrock typically is encountered at less 
than 6 feet. 

The Kettleman clay loam consists of a clay loam having about the 
same range in color and depth as the Kettleman loam. It is less fri- 
able, averages slightly darker in color, and apparently is higher in 
organic matter than the loam. 

The soils of this group in general are uniform and typical, though 
some local variations occur. Some of the browner and less calcareous 
variations approach in character the related Altamont soils, which 
are of similar origin and occur in the slightly more humid regions 
along the margin of the valley. 

Where the soils occupy saddles between hills they are generally 
deeper than the average, and bedrock may lie below the depth of 
6 feet. In these places some coUuvial material derived from the 
steeper adjacent slopes is included. In some cases the soil is reddish 
in appearance, as northwest of Coalinga, where gravel is also present 
in the subsoil. 

Orighh. — The parent material of the soils of this group as occur- 
ring in this survey is derived in part from unconsolidated deposits, 
but typically from shales and sandstones. Gypsum is often promi- 
nent in the parent rocks. 

Location. — This group of soils covers about 98 square miles. The 
largest bodies lie in the Kettleman Hills, around Oilfields, and near 
Coalinga, in the southwestern part of the survey. Narrow bodies 
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extend from the region of PanocUe Creek to Uie northern edge of 
tbe area, and narrow valleys sometitnes indent the valley margins. 

Topography and drainage. — The surface raises from gentry rtdl- 
jng to dissected, steep, and hilly. It is often considerably eroded, 
with frequent rock outcrop, especially in the higher portions. Drain- 
age is good to excessive. The topography of the greater part of the 
group is favorable to tillage. 

Utilization. — The Kettleman loam and clay loam are covered by a 
scant growth of grass and scattered brush, with no tree growth. 
They are-not tilled, chiefly because of the lack of water. Much of tiie 
group is remotely situated, and it seems suited wily to pasture. Irri- 
gation is impracticable at this time, but may eventually be supplied 
to some of the outer slopes and hills. Some important oil fields are 
located within areas of these soils. The value of the land for agricul- 
ture is \ery low. 

Abnoes SEOiBa. 

The Arnold series is residual from the same class of rocks that 
gives rise to the Kettleman seriec, Tlie soils range in color from 
gray to light brownish gray and include some light grayish brown 
■phases. T^ey usually become browner when wet, are low in organic 
matter, easily tilled, and typically rest on bedrock at a depth of less 
than 6 feet. The subsoil is gray, light brown, or brown, and simi- 
lar to or slightly heavier than the surface soil in texture. Concen- 
tratitms of lime in the subsoil sometimes occur, but less abundantly 
than in the Kettleman series. The Arnold series occupies gentle 
slopes, rounded hills, or mountainous areas. The soils are shallow 
and eroded tm the steeper slopes. Bock outcrop sometimes oecurs- 
The soils are well to excessivdy drained, and are droughty in many 
places in the summer. They are often devoid of trees or brush in 
their native state. The series is differentiated from the Kettleman 
series mainly on the basis of its lower content of lime in the soil 
•nd subsoil. The series is represented by a, single soil group, the 
Arnold sandy loams. 

ABKOIit SAm>T lOAUB. 

The Arnold sandy lofims group includes the sandy loam and fine 
sandy loam, with a small percentage of a light-textured loam. 

Description. — The Arnold sandy loam usually consists of a liglit- 
gi-ay, gray, or slightly brownish gray sandy loam of powdery or ashy 
appearance under field conditions. It is generally free from grav<i 
or stone, although some veiy fine gravel is encountered in places- 
Much of the grayish color is due to the presence of light-colored par- 
ticles of shale ; when moist the soil becomes more brownish. Distinct 
differences between the soil and subsoil are unusual, although feebly 
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consolidated beds of shaly or sandy material sometimes occur witliin 
the 6'foot section. 

The Arnold fine Bandy loam closely resembles the sandy loam, ex- 
cept in texture, and indefinite gradations between the two types are 
common. 

The Arnold loam is of comparatively light texture, and its pow- 
dery, dry condition usually makes it appear even lighter than it 
really is. Like the other members of the series it is frequently with- 
out a distinct subsoil. It is apparently low in organic matter. 

Origin. — The Arnold soils in this area are derived fvoia less firmly 
cemented shales and sandstones than is usually the case, and much of 
the parent material is only partially consolidated. 

Location. — The group covers 10 square miles. The principal area 
extends about 10 or 12 miles along the western edge of the area south- 
west of Mendotji, with a smaller detached area northwest of the 
larger one. The Guijarral Hills east of Coalinga are covered in part 
by these soils. Small undifferentiated areas are included in the soils 
of the Altamont series. The Arnold soils occupy the same general 
regions as the Kettleman soils, and the boundaries between them 
usually are indistinct. 

TopogTafhy and drainage. — The Arnold sandy loams are rolling 
or hilly in part, but contain some gentle slopes which merge toward 
the valley with the recent alluvial soils. A choppy or sharply eroded 
surface marks some of the area east of Coalinga and this is much 
more pronounced and prevalent in the elongated areas farther north. 
The ravine slopes as a rule are usually too steep for tillage, but prob- 
ably more than three-fourths of the area of the group is tillable so 
far as surface features are concerned. The soils lie in regions of 
extremely low rainfall. Both surface and subsurface, drainage are 
thorough to excessive. 

Utilisation. — The soils of this group are not tilled and have only 
a moderate value for pasture. The low rainfall makes dry farming 
hazardous even on the best soils of the region, and the Arnold soils 
are practically useless for this purpose owing to their excessive drain- 
age and low water-holding capacity. The possibility of irrigation 
is remote, as the west side of the valley comprises considerable better 
unirrigated land. 

Ol-TMPIC SEBIEa. 

The soils of the Olympic series are brown or rusty brown, with 
some dark-brown and grayish-brown variations. They are dense and 
compact in the heavier textured areas and are sometimes relatively 
high in organic matter. The subsoils are brown, light brown, gray- 
ish brown, or reddish brown in color and similar to or heavier than 
the surface soil in texture. Bedrock usually is encountered at less 
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than 6 feet from the surface. The topography is rolling) hilly, or 
mountainous, but the surface is in many places smooth. Drainage is 
good, and on the steeper and shallower slopes the run-off is relatively 
large. The soils differ from the related Aiken soils in color and 
content of organic matter. The soils are mapped in two groups^ 
the Olympic loams and the Olympic adobe soils. 

OLYMPIC lAAMS. 

The Olympic loams include the loam and clay loam types of the 
series and small undifferentiated bodies of reddi^-brown or red soils, 
which if sufficiently extensive to warrant separation would be mapped 
with the Aiken series. 

Descri'ption. — The Olympic loam is the most extensive. It con- 
sists of a brown, light-brown, or grayish-brown loam ranging in 
depth from 10 to 18 inches. It is somewhat sticky and darker colored 
when wet, but usually has a friable structure and is not difficult to 
till, except where the slope is st«ep or bedrock lies near the surface. 
Some subangular rock fragments of the size of gravel and cobbles are. 
present locally, but rarely in sufficient quantity to interfere with 
tillage. There is little rock outcrop. The soil contains a moderate 
percentage of organic matter and is quite retentive of moisture in its. 
deepest areas, but much of the rainfall is lost in the run-off on the. 
steeper slopes and where the soil is shallow. The subsoil is a light- 
brown or reddish-brown loam or clay loam which is somewhat more 
compact than the surface soil. It contains some rock fragments and 
at depths varying from 1 foot to 5 feet or more rests upon the parent 
basic igneous rocks. Lime, as conspicuous concentrations in either- 
soil or subsoil, usually is absent, but locally it forms grayish mot- 
tlings in the subsoil. The transition from the subsoil to the un- 
altered rock is more sudden than in soils derived from granite rocks. 

The Olympic clay loam is brown to dark brown in color. It has 
a somewhat higher organic-matter content than the loam, more lime 
in the subsoil, a greater tendency toward an adobe structure, and is 
more difficult to till. 

The soils are quite uniform in most of the areas, but the types are 
more or less intermixed in their occurrence. Several small ares^ of 
the Aiken loam are included, as north of Clovis and in the region 
northeast of Orosi. The Aiken soils are red or reddish in color, and 
readily distinguished from the Olympic types. 

Location.— '^B group is inextensive; it coVers a total of 8 square 
miles. It occurs in a number of rather small areas along the foothills. 
on the east side of the valley from Orosi nortliward, and is inost;^ 
prominently developed several miles north of Clovis and northeast, 
of Centerville. 
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Topography and drairuige. — The surface features are variable. 
The soils occupy gentle foothill slopes to somewhat dissected and 
rolling areas. The surface is often relatively smooth and unifona, 
except for occasional rock outcrop, but in general is unfavorable for 
irrigation. Drainage is good to excessive. Much water escapes in 
the run-off on the shallower and steeper areas. 

UtiKsaiion. — This group of soils is of little importance at present, 
and is mainly utilized for pasture. Small acreages of grain and hay 
are grown, giving low yields. Cultivation is mainly confined to diy 
farming, on account of the difficulty of obtaining water for irriga- 
tion. Pumped water is supplied to small plantings of fruits. Land 
prices are often low and are based upon the value of the soil for 
grain and for pasture. 

OLYMPIC ADOBE sonA 

The Olj'mpic adobe soils include the clay adobe and the clay loam 
adobe of the Olympic series. It is probable that the extent of these 
soils is about equal. 

Description. — The Olympic clay adobe usuaUy consists of a brown 
or dark-brown clay. When wet the soil is sticky and untillable^ 
but when dry it has typical adobe structure, cracking and subdivid- 
ing until reduced to a relatively pulverulent though still granular 
condition. This condition of structure, in extreme instances known as 
"dry bog," is a distinct aid to tillage where the soU is handled under 
proper moisture conditions, although there is a narrow range in 
moisture content within which effective tillage is possible. The soil 
contains considerable organic matter. Some portions are stony or 
gravelly, and rock outcrop marks the shallower phases or those 
bordering areas of Bough stony land. The surface soil in some in- 
stances extends to the underlying bedrock without distinct change, 
but in its deeper phases the type gives way at depths of about 16 
inches or more to a lighter colored and in places lighteT textured sub- 
soil which in turn grades into the underlying rock. The deepest 
areas are more than 6 feet in depth, the greater depths occurring on 
lower footslopes and in swalea Shallow soils and rocky surfaces 
often occur in a zone of gradation between the soil and the Bough 
stony land, and the boundaries as shown on the map are largely 
arbitrary. 

The Olympic clay loam adobe does* not differ greatly from the clay 
adobe in any particular except texture. 

The group contains minor variations. The body lying in sections 
9 and 10, about 2 miles east of Orosi, is red and represents heavy 
material of the Aiken series, which is similar to the Olympic in most 
features except color. Some of the areas are very dark brown or 
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dark grayish brown, and closely approach the dark-gray to black 
Climax soils. The Olympic soils sometimes extend well down on thb 
hill slopes and merge with the lower lying old valley-filling soils and 
in such positions some old Talley-filling material may be included. 

Location. — The soils of this group are comparatively inextensive, 
covering in this survey 12 square miles. They occur in several 
elongated areas, usually on marginal slopes around the base of some 
of the foothills along the eastern edge of the survey. On their upper 
margin they usually are bordered by Bough stony land. 

Topography and draituiffe. — ^The surface varies from gently to 
steeply sloping or hilly, some of the areas showing little variation in 
topography. Surface drainage and subsurface drainage are gener- 
ally good. Practically all the areas are capable of tillage and are 
adapted to irrigation, although the surface is often rather steep and 
here cultivation is laborious. 

Utilization. — These soils are important in the production of citrus 
fruits owing to their relatively elevated position and consequent 
freedom from frost. They have been irrigated in many places with 
pumped water, and support some valuable orchards. Some of the 
deciduous fruits and grapes are grown under irrigation, but the cost 
of development seems to prohibit all but the most remunerative crops. 
I>ry-farmed grain and hay are sometimes grown. A large part of 
the group is only intermittently cultivated. Land values vary greatly, 
depending upon the character of the orchards in the developed areas 
and upon the possibilities and ease of irrigation in the undeveloped 
holdings. The tendency is to increase the intensive use of the soil 
with the aid of pumped irrigation water. The practice of thorough 
tillage, proper irrigation, the growing of cover crops, and the use 
of stable manure greatly reduce the difficulties of handling these 
heavy-textured soils. 

Holland Sebies. 

The Holland series is derived from granitic rocks. The soils are 
brown in color, with grayish-brown and reddish-brown variations. 
They are micaceous and friable, with light-brown, reddish-brown, or 
yellowish-brown subsoils, which are of the same or heavier texture 
than the surface soils and generally somenhat more compact and less 
permeable. Partially weathered or unaltered bedrock is generally 
encountered at a depth of less than 6 feet. The soils are low in or- 
ganic matter, but are not difficult to till except where steep and hilly. 
The topography is rolling, hilly, or mountainous, but the surface is 
generally smooth except for some rock outcrop in places. The soils 
are well drained, and in the steeper and shallower areas the run-off 
is lai^e. The series is represented in ttiis survey by the Holland 
sandy loams and the Holland loam. 
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The Holland sandy loams group includes the coarse sandy loam, 
sandy loam, and fine sandy loam, the latter being of least extent. 
Small areas of Sierra tnaterial are included. 

Description.— T\\& Holland coarse sandy loam typically consists of 
a brown, light-brown, or grayish-brown coarse sandy loam, usually 
of gritty and friable character. It is micaceous, apparently low in 
organic matter, and permeable to water. The coarse nature of the 
type is largely due to included particles of the granitic parent rocks. 
Rock outcrop occurs, its extent depending lately on the topography 
and depth of soil material. The surface soil in exceptional cases 
extends to depths of 6 feet or more without distinct change in texture 
or color, but more often it grades below an average depth of 12 inches 
into a yellowish-brown or reddish-brown subsoil which may be more 
compact and of heavier texture than the surface soil. Bedrock is 
reached at depths ranging from a few inches to 6 feet or more, and 
usually is approiiched through zones of fairly permeable disintegrat- 
ing rock material. 

The Holland sandy loam is not essentially different from the coarse 
sandy loam, except in its finer texture. It is somewhat more re- 
tentive of moisture than the coarser type, and often has a more dis- 
tinct subsoil. 

The Holland fine sandy loam, which is of relatively small extent, 
consists of a brown, micaceous fine sandy loam similar in most 
features to the other types of this group, although sometimes a little 
darker in color. 

The small areas of reddish-brown to red Sierra material are most 
prominent east and northeast of Orosi. 

Zocffl^ion.— The group is relatively inextensive and occurs in numer- 
ous small bodies along the foothills in the eastern part of the sorvey. 
Some of the areas cover several square miles, while others are very 
narrow and difficult to show on the map. The soils are most prMni- 
nent in the vicinity of Friant and southeastward to Lincova. 

TofograpliAj and drainage. — The group Holland sandy loams occu- 
pies rolling, hilly, or moderately sloping areas, with drainage well 
developed. The surface as a rule is not severely eroded, and the soils 
are generally tillable and capable of irrigation development if water 
could be made available. Although most of the surface is typical 
of that of the residual soils, some footslopes or partially filled swales 
have a subdued topt^aphy. Here the soil is of colluvial origin. 

Utilization. — Most of these soils lie above irrigation systems and in 
positions where pumping water for irrigation is difficult and expen- 
sive. The low rainfall prohibits all dry-farmed crops except hay and 
grain, which ^ve only moderate yields. For these reasons the soils 
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are in the main of little agricultural importance, and sojtjg of (^^ 
more extensive areas are only intermittently farmed. Water has been 
supplied in small quantities by pumping to irrigate some small citrus- 
fruit orchards. The soils are adapted to these fruits and others 
wherever the topography, depth of soil, and water supply are 
favorable. 



Description. — The Holland loam to a depth of 10 to 24 inches con- 
sists of a brown or grayish-brown, rather coarse textured, micaceous, 
friable loam. It rarely carries rock fragments or gravel. The soil 
is rather low in content of organic matter, but is easily tilled where 
the surface is favorable. It is retentive of moisture in its deeper 
areas, but droughty where shallow. The subsoil is a brown or red- 
dish-brown, micaceous, heavy-textured loam or clay loam, usually 
free from gravel and with a somewhat more compact structure than 
the surface soil. The subsoil rests upon partially weathered or solid 
granite at depths ranging from 1 foot to several feet, usually less 
than 6 feet. The granite weathers quite uniformly and very little 
rock outcrop occurs. The deeper subsoil and partially weathered 
granite are unfavorable to root development and the movement of 
water. 

The type is quite uniform in texture, but in places the surface 
material approaches a sandy loam. Small areas of Sierra loam, and 
sandy loam are included. These soils are reddish brown to red, but 
resemble the soils of the Holland series in most features except color. 

Location. — The Holland loam, which is inextensive, is confined to 
the foothills along the eastern edge of the survey. It occurs in a 
number of areas east and north of Woodlake, east of Strathmore 
and Porterville, north and northeast of Centerville, and northeast of 
Clovis. It covers a total area of 24 square miles. 

Topography and drai71age.~Th.is soil occupies hiUy or mountain- 
ous country, usually of moderate slope and free from sharp dissec- 
tion. Its elevation is such as to give it good drainage. Much of the 
rainfall is lost as run-off, but little or no gullying has taken place. 
The type occurs at an elevation of several hundred feet above the 
plains, which renders irrigation costly and difficult. 

Utilisation. — ^The Holland loam is of little agricultural importance 
in this area. It is mainly in large holdings and is used for pasture 
and for dry-farmed grain. Land values vary greatly, depending 
upon location, depth and uniformity of the soil, and possibilities of 
irrigation. Irrigation is required for fruits and most intensive crops, 
but water has been supplied on only a very small acreage. 
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--scols from old vallet- filling and coastal-plain matebial. 

San Joaquin Sebieh, 

The soils of the San Joaquin series consist of weathered and greatly 
modified, old, unconsolidated water-laid material, usually derived 
from a wide variety of rocks. They are typically red or light red, 
but include pronounced variations of reddish brown that appear 
redder when wet. At depths varying from a few inches to 3 feet or 
more the surface soil grades into a thin layer of redder, heavier 
textured, compact material which in turn rests upon a red or reddish- 
brown indurated hardpan of varying thickness. The substratum 
below the hardpan is permeable, except in a few localities where it 
consists of soft sandstone over which the San Joaquin material has 
been deposited. The combined depth of the soil and subsoil varies 
considerably, but averages from 2 to 3 feet. The soils are low in 
content of organic matter, are without conspicuous concentrations of 
lime, and bake and become droughty in the summer. They occupy 
gently sloping to undulating valley plains, usually occurring as 
elevated areas along the valley margins adjacent to the foothills. 
The surface is frequently marked by " hog wallow " mounds (Plate 
I, fig. 1) with inclosed minor depressions in which water stanck in wet 
weather, making the soil very boggy at such times. The soils are 
typically free from alkali and have little or no tree or shrub growth. 
The series is represented in this survey by the San Joaquin sandy 
loams and the San Joaquin loam. 

8AN JOAQl'DI SANDY LOAUB. 

The group San Joaquin sandy loams includes the San Joaquin 
sandy loam and fine sandy loam and also small bodies of soils of 
heavier texture. The two main types are about equal in extent and 
importance. 

Description. — The San Joaquin sandy loam consists of a pro^ 
iiouuced reddi^-brown or red, nonmicaceous, heavy-textured, gritty 
sandy loam often closely approaching a loam in depressions and 
over the more nearly level areas. The red color is intensified under 
moist conditions, but when dry the soil is typically reddish brown. 
When wet the soil is sticky and boggy and almost impassable, owing 
to a saturated condition above the hardpan. The soU lacks the 
friable structure of the sandy types of the more recent sedimentary 
soils, and its poor granulation usually causes it to bake and form a 
cloddy surface when tilled. If handled at the proper time, a good 
seed bed results, but the surface of untilled fields is hard and com- 
pact. The soil is usually lighter in texture and deeper on the tops 
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of hummocks. At depths, usually less than 18 inches the Boil grades 
into a loam or clay loam, the heavier texture prevailing iouiietiiately 
above the hardpan. The subsoil is generally redder in color than 
the surface soil, and at depths ranging from 18 to 36 inches or 
more it rests upon an indurated reddish-brown hardpan from a 
few inches to Several feet in thickness. The hardpan occurs through- 
out the type and usually checks the downward movement of water 
and the development of roots. The substratum beneath the hard- 
pan is mainly a friable sandy loam or loam and is favorable for root 
development when the hardpan is broken iip. The depth and thick- 
ness of the hardpan have an important bearing oa the value of the 
land. Where less than 4 feet below the surface it requires shatter- 
ing for best results with tree fruits, alfalfa, and many other of the 
deeper rooted intensive crops. The type usually contains no apparent 
concentrations of lime. Some gravel is present locally near the foot- 
liills and minor spots of heavier textured, and darker colored sails 
occasionally mark the depressions among the hummocks. 

The San Joaquin fine sandy loam closely approaches the sandy 
loam in all features except its somewhat finer texture. It is less 
uniform, however, and includes many small spots of loam or clay 
loam, whidi occupy small depressions and the flatter areas. 

The soils of this group are distinct from associated soilik They 
may include some undifferentiated material of the Madera or 6ther 
related and adjacent series. 

LocaMon. — The group is extensive in this survey. The laigest 
areas occur in the region east and west of Clovis, in the vicinity of 
Keedley, north and northeast of Sanger, north of Fresno, south- 
west and northwest of Porterville, in the region around Woodlake, 
and in a number of other places along the east side of the valley. The 
soils occupy the plains and i^ually occur at a considerable distance 
east of the valley trough. 

Topography mid draivage. — The San Joaquin sandy loams occupy 
remnants of a series of broad, gently sloping old alluvial fans, 
usually well above present stream channels. Areas nearest the foot- 
hills have the most uneven surfaces, due to more active erosion. The 
surface in general is gently sloping and mailed by numerous 
rounded hummocks, 1 foot or more in height and 15 to 25 feet in 
diameter (PI. I, fig. 1). Considerable leveling is necessary to fit 
the hind for irrigation. The soils have sufficient slox>e to give good 
surface drainage, but many of the depressions among the hummocks 
are covered with standing water during wet weather. This has a 
tendency to puddle the soil and either reduces yields or entirely 
destroys the crop in such places. The shallow hardpan restricts 
subsurface drainage and keeps much of the subsoil in a saturated 
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condition during the wet season. The water table is deep and prac- 
tically DO damage from sewage or alkali occurs. 

Utilisation. — The soils are nearly all imder cultivation, but owing 
to tiieir hummockj, unev^i surface, their hardpan, and the scarcity of 
in^ation water, ihey have been utilised mainly for dry- fanned gnun 
and grain hay, with moderate to low yields. In recent years some of 
tin deeper and more desirable areas have been utilized for the pro- 
ductitm of grapes and peaches and to a. leas extent of figs and olives 
without irrigation, but irrigation is necessary for the best results 
with all fruits and intensive (ax>p3. Water has been supplied by 
pumping or frwn gravity canals in some regions, as about Reedley, 
£xeter, Lindsay, Porterville, Strathmore, and Clovis, and favoralda 
location have be^i successfully planted to eitxus fruits, olives, ^s, 
pom^ranates, and other deciduous fruits and intensive cn^s. Al- 
falfa usually is short lived where the soils are shallow, hut does very 
well in the deeper areas with irri^tion. Shattering tlie hardpan 
by blasting has proved profitable where orchards are set, permitting 
deef>er root development and supplying needed subdrainage. The 
soil is deficient in organic nratter and is much improved by the use 
of manure and cover crops. Some commercial fertilizer is used for 
citrus fruits, but organic matter is one of the most needed soil con- 
stituents. Land values vary widely and d^iend Qpon location, depth 
of the soil, uniformity of t^ surface, availability of irrigatitm wateor, 
and local develt^ueut. 

SAH JOAQVIK LOAIL 

Des&ription. — The San Joaquin loam, to a depth of 8 to 24 inches, 
consists of a reddish-brown or red, rather compact, poorly granu- 
lated loam, which is sticky and of more pronounced red color wh«i 
wet. In places it carries small quantities of coarse sand and fine 
gravel. The soil bakes and becomes hard when dry unless carefully 
handled, but if tilled, in the right condition as regards moisture it 
works into a good seed bed. The soil is low in organic matter, and 
responds readily to applications of manure and the use of cover 
crops. The subsoil, which usually becomes heavier in texture and 
redder in color with depth, ranges in texture and structure from a 
compact, poorly aerated sandy loam to a clay loam. It typically 
rests upon the hardpan characteristic of the series at d^ths of 2^ 
to 4 feet. This finely cemented stratum lies near the surface in the 
intervening depressions, and is occasionally exposed on the lower 
hummock slopes. The substratum betow the hardpan is in many 
places a permeable loam which favors root development when the 
hardpan is shattered. The condition of the soil mass indicates an 
advanced stage of weathering and oxidation. 
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In general, the San Joaquin loam is uniform in texture and struc- 
ture, but in areas of pronounced hog-wallow surface the soil in the 
depressions frequently is a clay loam, and that on the tops of the 
mounds may be much lighter. Small, irregular spots of clay loam 
and sandy loam occurring elsewhere are included with the type. 
Areas of clay-loam texture lie near Reedley and east and north of 
that place. These sometimes occur as meandering, slightly depressed 
flats, surrounded by the San Joaquin loam, or as more extensive 
bodies not differing in topography from the latter type. Some of the 
type northeast of Woodlake lies in a cove, and is bordered by residual 
Soils. The soil in this cove is of mixed character, including not 
only the San Joaquin loam but also small areas of both residual 
and recent alluvial or footslope soils. Unimportant areas of Madera 
loam and Alamo clay adobe are also included with the type as 
mapped. 

Location. — The San Joaquin loam covers about 134 square miles. 
It is most extensive in the plains region east and north of Strath- 
more, near Orangehurst, southwest of Lindsay, in the region of 
Woodlake and Orosi, east and northeast of Reedley, east and south 
of Seville, in Clarks Valley, and near Porterville. A number of 
other quite extensive bodies lie northeast of Clovis. 

Topography and drainage. — This soil ia confined to the east side of 
the valley, where it occupies gently sloping old alluvial fans, de- 
posited by the large streams before they were intrenched in their 
present positions. The surface is in general nearly level, but in 
detail distinctly hummocky. Occasional small, intermittent stream- 
ways have furrowed the surface in places, giving it an undulating 
appearance. The slope usually is ample for good surface drainage, 
but the hardpan checks the percolation of water and causes the sub- 
soil to become saturated and boggy during the rainy season. Drain- 
age in the depressions is poor, water standing in them during the 
rainy season. The surface requires considerable leveling in most 
places to prepare it for irrigation. 

UHh'saiion. — Nearly all the type is tilled and devoted to the pro- 
duction of grain, alfalfa, and other general farm crops and deciduous 
and citrus fruits (PI. I, fig. 2). Without irrigation the yields are low 
to moderate, but with irrigation, the incorporation of organic matter, 
and blasting of the hardpan they are much larger. In suitable loca- 
tions the type has proved very satisfactory soil for the growing of 
citrus fruits, olives, figs, and pomegranates, and its utilization for 
these crops is increasing. Some of the more intensively cultivated 
crops receive applications of commercial fertilizer. Organic matter 
has proved to be the chief need of the soil, and irrigation, thorough 
tillage, and the breaking of the hardpan are important factors. 
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The soils of the Madera series are derived from weathered, uncon- 
solidated, water-laid deposits, ctanposed of varied rock materials. 
The soils are brown in color, the lighter textured members being 
li^t brown or grayish brown and the heavier often slightly reddish 
brown or chocolate brown. The soils are underlain at various depths 
by brown or reddish-brown, heavier textured, rather compact sub- 
soils, which rest upon a reddish-brown hardpan at depths less than 
6 feet. The lower subsoil and hardpan are frequently somewhat 
mottled with concentrations of lime. The hardpan is less dense than 
that of the San Joaquin series. The substratum below the hardpan 
resembles tlie subsoil in texture and color and is permeable to roots 
and water. Locally the hardpan rests directly upon consolidated 
rock. The soils are low to moderately low in organic matter. Gen- 
erally the surface is less hummocky than that of the associated Saa 
Joaquin soils. 

The Madera soils occupy portions of old modified alluvial fans, 
with gently sloping, undulating, or slightly rolling surfaces. Drain- 
age is good, though a high water table and alkali occur in some small 
low-lying areas. The soils differ from those of the San Joaquin 
series in color and content of organic matter and lime. ' 

The Madera series is represented by four groups of soils in this 
survey, the Madera sandy loams, loam, and clay loams, and the 
Oakley and Madera sands. 

UAUEBA SANDY LOAMS. 

The group Madera sandy loams includes the sandy loam and fine 
sandy loam types, the former covering 80 per cent or more of the 
combined area. 

Description. — The Madera sandy loam consists of a brown or gray- 
ish-brown, medium to coarse textured sandy loam from 12 to 48 
inches deep. The soil is locally micaceous and has a friable open 
structure, readily permeable to roots and water. In the larger areas 
it is uniform, but elsewhere includes small patches and ridges of 
sand and occasional areas of loam. Slightly gravelly areas lie near 
the foothills and along some of the larger streamways, hut the stones 
do not interfere seriously with tillage. The brown color is more 
intense under moist conditions, and areas adjoining soils of the San 
Joaquin series usually are reddish brown. Some of this more dis- 
tinctly reddish-brown material closely approaches in character the 
San Joaquin soils of similar texture, and it may include some areas 
recognized as San Joaquin soils in earlier surveys. The soil contains 
more organic matter than the San Joaquin soils of the same texture, 
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but responds readily to applications of manure and the g^fving of 
cover crops. 

In typical areas the subscHl, wfaicli is normally more compact and 
often heavier textured than the surface soil, ctwaists of a [^own oe 
reddish-brown heavy sandy loam or loam, Festiag- at a depth of less 
tJian 6 feet upon a reddi^-brown hardpan, resembling that of tb* 
San Joaquin sandy loam, except that it contains occasicmal seams 
and crusts of calcareous material. In many places the subsoil is 
like the sarface soil in texture, and the hardpan may be absent, at 
least within the 6-foot section. This is especially true where the 
texture at the surface is a light sandy loam or sand. The substratum 
below the hardpan often resembles the surface soil and is farorabis 
to root development where the hardpan is ta^ken. The depth of 
soil and subsoil averages much greater than in the same types of the 
San Joaquin series, which makes the Madera soil usually more 
desirable for deep-rooted crop^ The hardpan lies nearest the 
surface where the type adjoins the San Joaquin soils. The soil 
is not ordinarily difficult to till, but is somewhat cloddy in the 
heavier areas if handled when too wet or too dry. Untilled areas 
tend to pack and dry out quickly, but when fwtqjerly coliivated the 
^pe is very retentive of moisture. 

The Madera fine sandy loam is smooth and friable, and aside from 
its finer texture possesses about the same features as the sandy loam. 
It is lower in perc^itage of coarse material and is sometimes darker 
in color and higher in organic matter than ^e sandy loam. In the 
lower and flatter parts of the type the content of organic matter is 
higher than elsewhere. In such areas the texture may locally ap- 
proach a loam. The soil forms a verj' desirable seed bed if handled 
under proper moisture conditions, but becomes somewhat compact 
and hard when dry. It frequently occupies slightly lower levels of 
more uniform surface than the sandy loam, aad is more retentive of 
moisture if well handled. 

Location. — The soils of this group are not so thoroughly weathered 
as are the types of like texture of the San Joaquin series. The group 
is confined to the east side of the valley and predominates on many 
of the upper valley slopes. A large area surrounds Dinuba, and 
other areas lie west of Sanger, north and east of Beedley, north and 
south of Clovis, around Fresno, and in the region from Woodlake 
to Lindsay. The soils are extensive and usually are associated with 
those of the San Joaquin series; frequently they occupy positions 
intermediate between the San Joaquin soils and those of the Fresno 
or Hanf ord series. 

Topography emd dramage. — ^The surface is generally smooth and 
uniform and in many places requires little leveling for irri^tion 
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' (I^ II, fig. 1), but some areas, espectftlly near the San Joaquin soils, 
have a hummocky surface, whidi, tluHigh uraially less uneven than 
that of San Joaquin soils, makes stune leveling necessary. Along 
the San Joaqnin and Kings Bivers the Madera soils sometimes occur 
on old terraces. In some localities they occupy low, rounded, or elon- 
gated ridges, ri^ng slightly above the general level of the plain. In 
a few othfflr places small streams have covered portions of the soils 
with a veneer of Hanford material. Erosion has been mo^ active 
in the r^on sonth of Friant, where small interwttent streams have 
in some instuices eroded narrow winding passages, sometimes 40 feet 
or more deep, through the otherwise uniform plains. There usually 
is a deep water table and sufficient slopt for good surface drainage. I 
Siibdrainage is adequate, except that percolation often is retarded 
by the> ccanpact subsoil layeis. Seepage from higher-lying irrigated 
soils has caused a rise in the ground water in small areas and in some 
instances has injured crops, either by water-logging the soil or by 
causing the accumulation of alkalL Some areas of this land lie south 
of Fresno. Some of the group is overflowed by Fandier, Red Bank, 
Dry, and other small creeks, but this has been prevented in part by 
the construction of levees. 

UtUieation^—HeATlj all the area of this group of soils is under 
cultivation. Grain and grain hay are the main unirrigated crops. 
Considerable areas have heen brou^t under irrigation dther by 
pumping or by gravity canals, and in such instances many different 
intensive cn^ have di^laced the grains. Alfalfa, deciduous fruits, 
grfipes, and truck crops are grown. In most places irrigation im- 
proves the vigor of the vines and trees and increases the yields. 
Water is available for most of the group, and the supply is being 
augmented by pumping fr<Hn underground sources. The soils are 
well adapted to a wide range of crops. Llttie commercial fertilizer 
is used, except for citrus fruits. Applications of organic matter give 
uniformly good results. "Wliere intensively developed the land ranks 
with the most valuable in the survey. 



Deaoription. — ^The Madera loam typically consists of a brown or 
slightly reddish brown loam, which, though low in organic matter, 
is comparatively friable. Uncultivated areas when dry are compact 
and hard and when wet eitrMuely boggy. Under field conditions 
the color is redder than in small hand samples, the reddish ca^ being 
still more pronounced when the soil is wet. The soil sometimes ex- 
tends to the hardpan without mariiied change in color or texture, but 
is more often underlain at 12 to 24 inches by a heavier textured sub- 
schI, which may be either a lighter brown or more reddish brown than 
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the surface material. At depths of 18 inches to 6 feet the brown or 
red hardpan typical of the series is encountered. Below the hu^- 
pan the material is permeable and favorable for root development. 
The hardpan is often shattered by blasting in preparing the land ior 
the deeper-rooted fruits. The poorest areas of the type are those 
having thick hardpan near the surface and semicemented layers be- 
low the hardpan. Where the drainage is poor, subsoil, hardpan, and 
the underlying material often contain much lim«. 

The type as mapped includes small areas of lighter and heavier 
textured soils. The soil is more friable and lighter on the hummocks 
and heavier in the depressions. Ked soils of the San Joaquin series 
are in places included in small areas. Separation between these two 
smes is sometimes difficult owing to their merging through reddish- 
brown transitions. Some of the type is grayish brown in color, as 
in parts of the areas south of Monson and Orosi, where alkali is 
present and where the soil mei^es with the adjacent Fresno loams. 

Location, — This type is moderately extensive. The largest areas 
occur in the region between Dinuba and Venice Hill and southwest 
of Exeter. Smaller areas occrur southeast of Clovis and east and 
southeast of Minkler. The soil sometimes lies along streamways at 
elevations slightly lower than the surrounding soils, but often occu- 
pies positions similar to the San Joaquin loam. It is confined to the 
upper slopes of the east side of the valley. 

Topografhy amd drmnage. — The Madera loam has a gently sloping 
or slightly undulating surface, locally smooth, but in most places 
very hummocky. Much of it has been leveled for irrigation and areas 
80 prepared contrast strongly with the natural hog-wallow surface. 
Drainage is defective in the lower areas, owing to slow percolation 
through the subsoil and to the accumulation of run-off from near-by 
soils. The more elevated areas have good surface drainage, but even 
in these the underdrainage is deficient because of the compact sub- 
soil material. Alkali has accumulated in some of tiie more poorly 
drained swales or flats along the lower margins of the type, the con- 
centrations in places being sufficient to prevent crop growth. The 
sou in most of the alkali areas is not typical Madera loam. 

Utilization. — The Madera loam is used for the production of both 
irrigated and unirrigated crops. Dry-farmed grain and grain hay 
are produced, but the yields are low. The type normally requires 
irrigation for fruits and other specialized crops, and this is supplied 
to an extensive acreage both by gravity canals and by pumping from 
underground sources. Important plantings of citrus fruits have 
been made near Venice Hill and in other places along the foothills, 
blasting of the hardpan being resorted to where it lies at shallow 
depths. Grapes and peaches are the leading irrigated crops in the 



SOIL BUEVEY, MIDDLE SAN JOAQUIN VALLEY, OALIPOBNIA. 57 

areas ontside of the thermal belt. Alfalfa is grown to some extent. 
The better drained areas are gradually being brought under irriga- 
tion, although considerable expense is involved in leveling the land 
and obtaining irrigation water. Areas affected with alkali and some 
areas without means of irrigation are used for pasture. 



The Madera ciay loams group includes the clay loam and the silty 
clay loam, with certain variations. 

Description. — The Madera clay loam consists of a brown, dark- 
brown, or reddish-brown, sticky, rather refractory clay loam, show- 
ing in places a tendency toward an adobe structure. At about 10 to 
24 inches the subsoil is encountered, consisting of more compact and 
slightly redder or lighter brown material. The subsoil rests upon a 
brown or reddish hardpan at depths ranging from 2 to 6 feet. Both 
the. subsoil and hardpan carry calcareous materials, concentrations 
being more pronounced in the poorly drained areas, where the hard- 
pan may gradually merge into that typical of some of the other soil 
series, such as the Fresno. The hardpan varies greatly in thickness 
and density. Where a distinct hardpan is absent the subsoil is suf- 
ficiently compact to interfere with root development and the down- 
Ward movement of water. The clay loam surface soil occasionally 
rests directly on the hardpan at depths of several feet, without inter- 
vening compact layers, which is one of the variations of the type 
most favorable to crop production. 

The Madera silty day loam is similar to the clay loam in all ex- 
cept texture. 

The group as mapped includes some small flat areas that are darker 
in color than the typical Madera soils and of clay texture. In the 
vicinity of Yettem it also includes some reddish-brown or red areas, 
which represent material of the San Joaquin series. Only a small 
proportion of the Madera soils is affected by alkali. The affected 
areas are nearly always grayer and the soil is puddled. An impor- 
tant part of the soils southeast of Yettem and practically all the area 
south of Exeter constitute' a variation which carries alkali, lacks the 
distinctive brown Madera color, is puddled, and is of lower agricul- 
tural value than the typical Madera soils. 

Location. — The group is mapped around Yettem as an irregular 
pronged body, and also south of Exeter, covering several square 
miles. 

Topography and dramoffe. — The surface of the typical Madera 
clay loams areas is n(* greatly different from that of adjacent types 
of the same and other soil series of the valley plains. It is slightly 
uneven or himimocky under natural conditions, and rainfall accumu- 
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lates in the intervenmg depressions. Coasiderable leveling is aecrs- 
sary for irrigation. The alkali areas are hummocky and occui^ 
slight depressifHis or swales, which collect the run-off from hitter 
lands. 

Utilisation. — The soils of this group lying around Yettem are 
largely planted to grapes and peaches, grown under irrigation. The 
alkali areas are largely nntiUed and devoted to pasture. 



The soils of the Pleasanton series are derived front weathered 
unconsolidated water-laid deposits, originally having their source in 
a wide rai^ of rocks in which those of sedimantary origin are 
conspicuous. They are brown, li^t brown, grayish brown, or 
slightly reddish brown in colw and at a depth of 12 to 24 inches 
rest upon heavier textured, somewhat c<Hnpact subsoils of lighter 
shades of brown than the surface mi^rial. The subsoils typically 
are underlain at depths of less than 6 feet by a gravelly substratum 
in which rounded quartzose gravel is mixed in varying proportions 
wilii finer material. The soils are low to moderately low in organic 
matter and do not contain conspicuous concentrations of lime in the 
subsoil or substratum. The series occupies remnants of old elevated 
smootii-surfaced terraces and hilly or rolling areas, all whi(^ are 
treeless. The drainage is good. The soils are somewhat mixed, 
intimately associated with soils of other series, and do not occur in 
extensive bodies in this survey. The series is represented by two 
soil groups, the Pleasanton loam and sandy loam and the Pleasanton 
and Antioch loams and clay loams, undifferentiated. 



The group Pleasantcoi loam and sandy loam includes mainly the 
loam and sandy loam of the series, of which the former is the vaarb 
extensive, and small areas of the Pleasantim gravelly loam and the 
Corning loam and gravelly loam. 

Description. — ^The Pleasanton loam consists of a brown or light- 
brown loam, with a de[ri:h of 10 to 30 iodtes. The soil is gritty, of 
moderately friable structure, low in organic matter, and ntrt very 
retentive of moisture. Some gravel and bowlders are present. The 
subsoil is a brown, reddish-brown, or yellowish-brown loam or clay 
loam which carries little or no gravel. It is seldom more than a 
few inches in thickness and is underlain by gravelly substrata, which 
frequently alternate with layers of silty or clayey material. The 
substrata usually consist of a mass of li^t-brown or reddish-brown 
sands and silts in which are embedded varying quantities of rounded 
or subangnlar cobbles or bowlders. Hie gravelly layers are generally 
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permeftble, but are s^nicemented locall; and withstand weatii^iig 
in exposed pofiitions. 

The Pleasanton Bandy loam consists of a brown or light-brown 
sandy loam of medium fine texture, 10 to 30 inches deep. The sur- 
face soil differs from that of the Pleasanton loam not only in texture 
btit also in structure, being much more porous and therefore more - 
droughty. The content of organic matter is lower tJiau that of the 
loam. Tillage is not difficult. The subsoil is a sandy loam or loam, 
and rests upon substrata similar to those of the loam. 

Tlie Pleasanton gravelly loam is similar to the loam, except for the 
occurrwice of gravelly material in the surface soil, which is sufficient 
in amount to affect tillage. Some areas carry large waterwom cob- 
bles, which are removed before intensive cultivation is undertaken. 

The soil in the included areas recc^nized as the Corning loam is 
red and fairly friable under moderate moisture conditions, but is 
compact and flinty when dry and boggy when wet. It varies in 
depth, but generally grades at 10 to- 30 inches into a more c(»npact, 
less pervious, heavier-textured subsoil, which in turn is underlaJD 
by gravelly substrata. The underlying gravelly materials, as in the 
Pleasanton loam, vary widely in compactness and in the relative 
quantities of gravel and fine material present. The materia) rep- 
resenting the Corning gravelly loam is very similar to the Corning 
loam except that it carries sufficirait waterwom gravel in the sur- 
face soil to influence tillage. 

The various types of this group are not distinct ; the members of 
the Pleasantcai series grade into those of the Coming series through 
reddish-brown transitions, while the gravel-free and gravelly types 
also merge. The distinct heavy-textured subsoil lying between the 
soil and the gravelly substrata in the Pleasanton types is less pro- 
nounced than in many other parts of the State. 

The soils of the group depart from the typical near bodies of 
the Kettleman series where they sometimes occur as a covering several 
feet deep overlying the materials forming the latter, and in such situa- 
tions the soil boundaries are s(Jmewhat arbitrarily drawn. The body 
at Clavicle lies adjacent to soils of the Holland series and includes 
considerable granitic material. Gritty material is also present where 
the soils lie in contact with the Kettleman loam. 

Location.— The group is incxtensive in this survey and occurs as 
irregular aieas bordering the foothills or as old, high terraces along 
some of the streams. It covers a total of 20 square miles, or 12,800 
acres. The principal areas lie in the southwestern part of the survey 
west of the Kettleman Hills and along the Tule River at Clavicle. 
Other small areas are mapped south of Cantua Creek, along Los 
Gatos Creek, and at the base of the Kettleman Hills. 
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a h<^-wftllow surface. They contrast strongly with the Panoche soils 
which have smoother surfaces. The drainage is good. 

Utilization. — These soils, being unretentive of moisture, are not 
well suited to dry farming in a region of low rainfall. They are 
used for pasture. 

AXTIOCH Sebies. 

The soils of the Antioch" scries consist of weathered unconsolidated 
water-laid deposits, derived originally from a variety of rocks among 
which those of sedimentary origin appear to predominate. The soils 
are brown with variations of light brown, grayish brown, or dark 
brown, the darker colors being associated with the heavier types. 
The subsoils are typically lighter brown, heavier in texture, and more 
compact than the surface soils. They contain much line, the content 
decreasing below the depth of 6 feet. The substratum usually is 
lighter in texture and less compact than the subsoil. 

Soils of the Antioch series occur on old modified terraces or allu- 
vial fans generally lying between residual and recent alluvial soils. 
Much of the surface is smooth but hog wallows are present in places. 
Drainage is good as a rule. The Antioch soils differ from the Pleas- 
nnton soils in the presence of lime concentrations and the absence of 
gravelly substrata. The Antioch soils are generally treeless. 

The series is represented in this survey by the Antioch loam and 
clay loam, and by the Pleasanton and Antioch loams and clay loams, 
undifferentiated. 



The group Antioch loam and clay loam includes the loam, clay 
loam, and silt loam of the series, of which the first named is the most 
extensive and the last named of very small extent. The soils as found 
in this area differ somewhat from the typical as mapped elsewhere. 

Deseriptum, — The Antioch loam consists of a brown, friable loahi 
of rather silty texture, ranging in depth from 12 to 36 inches. It 
usually is free from gravel or stones and is low in organic matter. 
The subsoil is in many places similar to the surface soil in texture 
and structure ; in others, while not often extremely heavy or compact, 
the material is sometimes slightly more impervious than the surface 
soil. It may contain smaller quantities of conspicuous calcareous 
material than typical. The color of the subsoil is generally lighter or 
more yellowish brown than that of the surface soil. The deeper sub- 
strata consist of unconsolidated layers of water-laid material. 

The Antioch clay loam closely resembles the loam except in texture. 
It consists of a brown clay loam of more compact or puddled struc- 
ture than the loam, with a subsoil of lighter color. The subsoil is 
more calcareous than the subsoil of the loam and, in genera], is more 
typical of the series as mapped elsewhere in the State. 
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The Antioch silt loam occurs to a small extent. It is similar to tin 
loam in all features except texture. 

Locally small areas of Panoche soils have been mapped with this 
group. 

The Antioch loam and clay loam group represents an intermediate 
condition of weathering and aging b^ween the typical recent alluvial 
soils and the old valley-filling soils. The cross section of much of the 
smls is very similar to that of the contiguous Panoche soils, while the 
surface configuration is like that of the types derived from old valley- 
filling materials. Weathering has proceeded sufficiently far to pro- 
duce distinct differences in texture and structure between the soils of 
the hummocks and those of the intervening depressions, this being 
apparent in the patchy nature of the grain growth ; but under the 
conditions of low rainfall not enough time has elapsed since deposi- 
tion for marked zonal development to take place in soil and subsoil. 

Location.— Tihe group occurs in a number of areas, ranging from 
a few hundred acres to several square miles in extent, lying along the 
western margin of the survey. The Antioch loam covers about two- 
thirds of the total acreage of the group. The most extensive areas 
of these soils lie west of Mendota and east of Oilfields, with others 
of smaller size both north and south of Oilfields. The group is 
bordered on its hillward side by soils of the Kettleman series, and 
on its lower side by soils of the Panoche series. 

Topography, drainage, and wfHisation. — In general outline the 
topography is of alluvial-fan character, but the material is plainly of 
older deposition than that of the adjacent Panoche series. The 
surface is sloping in positions farthest out in the valley, but may he 
rolling along the hill soils on the west, where streams have diversified 
the topography. In detail practically all the surface is uneven, witii 
hummocks and intervening depressions, which contrasts strongly 
with the smootli surface of the recent alluvial fans, some of which 
liave been laid down over tlie older deposits ^ving these Antioch 
soils. Boundaries between the group and the soils of the Paaoche 
series often coincide with the change from hog wallow to smooth 
surface, but separations are sometimes arbitrary. The general topog- 
raphy is favorable to good drainage, except as the small depressicaw 
interfere with the run-oflf. Practically all the group is capable of 
tillage and, when leveled, is adapted to irrigation. A small part of 
the group is used for the produ<^ion of grain aiid hay, but the yields 
are very uncertain, and the soils seem less well suited to dry farming 
than Pamoche soils of similar textures. A number of home^«ads 
have be^i located on these soils in recent years, and mo^ of the farm- 
ing at this time is connected with their development. Water tor 
household use is difficult to t^tain and in many places must be hauled 
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several miles. The use of the soils seems to be limited to pa^are, 
hay, and grain growing, or, in a small way, to the production of soane 
of the sorghums. 

Portkbtille: Sekkb. 

The soils of the Porterville series are derived from old consolidated 
water-laid deposits, composed chiefly of wash from basic igneous 
rocks. The soils typically are deep chocolate brown or dark reddish 
brown in color and contain considerable organic matter. The sub- 
soils are brown, yellowish brown, reddish brown, or grayish brown 
in color, and are similar to or heavier than the surface soils in tex- 
ture. Lime occurs in the subsoil as seams or grayish mottlings, the 
quantity present varying greatly. The substratum resembles the 
subsoil ; no compact or indurated layers occur. 

The Porterville soils occupy foot slopes or parts of old fans and 
have a gently sloping or gently rolling topography. Th^ are well 
drained and free from alkali. One group of soils, the PortMrville 
adobe soils, represents the series in this survey. 

FOBiuiviixE Anwnt aorts. 

The Porterville adobe soils include the clay loam adobe and clay 
adobe types of the series. The clay loam adobe is the more extensive, 
occupying 80 per cent or more of the area covered by the group. 

DeecriptioTi, — The Porterville clay loam adobe consists of a choco- 
late-brown or dark-brown heavy-textured clay loam of pronounced 
adobe structure. It carries varying quantities of rounded or sub- 
angular quartzite cobblestones and gravel. The coarse rock material 
is most abundant in the areas nearest the foothills, and northwest 
of Bedbank and in a few other places forms so lai^ a part of the 
soil mass as seriously to interfere with tillage. 

The finer soil material is quite uniform over most of the type, bnt 
small reddish-brown patches, representing the San Joaquin loam, and 
small areas of dark-gray to black color, in reality Montezuma clay 
ndobe, are included. The color is redder near bodies 9f the San 
Joaquin loam, and the boundary between these two types is indefinite 
in places. The soil is darker colored and very sticky when wet, 
and bakes hard and becomes flinty upon drying without cultivation. 

At a depth of 2 to 4 feet the soil rests upon a brown, reddish-brown, 
or grayish-brown clay loam subsoil, in many places somewhat tighter 
in texture than the soil, containing small quantities of coarse, gritty 
sand or local pockets of gravel or cobble. The subsoil is permeable 
to roots and water as a rule, but is more op less compart locally, with 
occasional layers resembling hardpan. The subsoil carries consider- 
able quantities of lime, which frequently give it a marly appearance 
with definite gray and whit« mottling in places. The lime is so 
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abundant in places tliat it influenoes the sail structure and causes 
extreme checking of the surface material, forming a layer of smaft 
granular fragments, in areas locally known as " dry-bog adobe." In 
a few places the subsoil is red to a considerable depth and under such 
conditions the concentration is apparently much less. The sub- 
stratum to a depth of many feet often resembles the subsoil in texture 
and color but it seldom contains such definite concentrations of lime. 
Occasionally it shows a tendency toward stratification. 

The Porteryille clay adobe consists of a dark reddish brown heavy- 
textured clay, of marked adobe structure. The soil sometimes has a 
darker color when wet and in some cases becomes redder. In places 
it carries small quantities of gravel and cobblestones, but these do 
not usually interfere with tillage. It is quite uniform in texture and 
color over most of its extent, but small areas of Montezuma clay 
adobe have been included with it in mapping. It is high in organic 
matter. Though difficult to till, the soil, if handled at the proper 
degree of moisture, works into a friable, well-granulated seed bed 
for a soil of its heavy texture. At 2 to 5 feet below the surface the 
soil grades into a brown, reddish-brown, dark-brown, or grayish- 
brown clay which is permeable to roots and water. There is a slight 
tendency toward stratification locally, and varying quantities of lime 
are preswit, resulting in some places in a gray mottling and in others 
in only a lighter color in the subsoiL In places the type does not ap- 
pear to have reached as advanced a sta^ in weathering as does the 
clay loam adobe and concentrations of lime are less marked. The 
substratum resembles the subsoil except that lime is not so con- 
spicuous below the 6-foot deptii. Small quantities of gravel and 
cobblestones occur locally in the subsoil, mainly near the foothills. 

A dark reddish brown clay adobe variation covering about 8 square 
miles occurs on a mesa or old terrace north of Centeryille. This soil 
differs from the typical in position and in the large quantity of 
waterworn quartzite gravel and cobblestones present on the surface 
and mixed with the soil and subsoiL The soil is underlain at a 
depth of 2 to 6 feet by a heavy loam or clay loam, which is high in 
lime, and semicemented or loose gravelly layers occur locally at 
depths of 3 to 6 feet or more. The variation lacks uniformity in 
color and texture, and includes small spots of reddish-brown or 
brown ioam and clay loam. Tillage is SMnewhat difficult because 
of the heavy texture and high stone content, and water for irrigation 
is hard to obtain. This soil is mapped as the Centerville clay adobe 
in the earlier detailed survey of Fresno County. 

Location. — The Porterville adobe soils cover 70 square miles, and 
are confined to the east side of the valley. They occur close to the 
foothills and lie along the eastern edge of the survey from the south- 
em boundary to a point north of Centerville. The clay adobe is 
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most prominent southeast of Orosi and the clay loam adobe from 
Lemoncove southward through Frazier and Pleasant Valleys to the 
southern boundary of the area. 

Topography artd dramoffe. — This group of soils has a smooth, 
uniform surface, and very little leveling is necessary to prepare the 
land for irrigation. The clay loam adobe is less uniform in surface 
features, and south of Porterville, east of Exeter, and northeast of 
Centerville it has a somewhat rolling topography and in places occu- 
pies a series of rounded ridges, projecting fnnn the foothills and 
somewhat elevated above the general level of the plains. These soils 
generally occur as a series of foot slopes around the base of hilly 
areas and as old eroded fans lying immediately below the Olympic 
soils, from which they are often derived, and the boundary line 
between the two series frequently is indistinct. The soils usually 
have suiScient slope and deptli to water table to give them good sur- 
face drainage and subdrainage, but some areas are rather 3at, as near 
Seville and elsewhere. Their granular adobe structure enables them 
to absorb moisture readily. A few of the more nearly level areas 
become waterlogged during the winter mqpths and balie upon drying, 
so that they are unfavorable for tree fruits. The clay adobe has a 
smooth, uniform surface over most of its extent. It is not so well 
drained as the clay loam adobe. It also has been moTe subject to 
reworking by small intermittent streams, and locally resembles the 
recent alluvial soils in surface conditions. 

Utilwation. — The group includes some of the more important and 
valuable soils of the area for the culture of citrus fruits (PI. I, fig. 2). 
Grapes and deciduous fruits are grown locally. The land formerly 
was utilized for grain growing, but is now largely used in the produc- 
tion of citrus fruits because of its favorable slope and protection from 
frost, as well as high productiveness. Many of the more valuable and 
productive groves of the area are located on these soils. The methods 
of handling the soil and the fertilizer practices vary greatly with 
individual ownera. The physical condition of the soils requires much 
attention for best results with citrus fruits, and seldom receives 
enough attention. Manure and cover crops have a marked infiuence 
on the soil structure, and where properly used make the soil loamy, 
much better aerated, and more retentive of moisture. Irrigation is 
essential for citrus fruits. The quantity of water required depends 
upon the depth of the soil and the thoroughness of tillage. Bearing 
orchards receive from 3, to 7 applications of water. Young trees are 
given much more frequent applications, the quantity of water used 
at each irrigation being smaller than in case of mature trees. 

Land values vary greatly and usually range above $100 an acre foi 
undeveloped land with water possibilities. 
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Fixaiio Skbiks. 

The soils of the Fresno series are derived from old unconsolidated 
water-laid deposits composed of materials coming from many differ- 
ent kinds of rocks. The soils are gray, brownish gray, or light 
grayish brown in color, with extensive grayish-brown and browu 
variations. The aabsoil typically is of lighter color and in many 
places somewhat heavier texture and more compact structure than 
the surface soils. The subsoil rests upon very compact or cemented 
silty hardpan layers at depths less than 6 feet Below the hardpan 
the material often resembles the subsoil. Both subsoil and sub- 
stratum usually contain varying quantities of lime, either as gray 
mottlings, in seams, or as nodules. The soils are low in organic mat- 
ter but are not difiicult to till. The series usually occurs on extensive 
plains identified with old, modified alluvial fans, and in many places 
lies between the San Joaquin series and more recent soils along the 
valley trough. The surface is gently sloping and marked by a num- 
ber of small sloiighways and numerous hummocks. The soils are 
often poorly drained, owing to their low, flat positions and high 
water table, and alkali is generally present in harmful quantities. 
Some areas are well drained. The series is represented in this survey 
by two soil types, the Fresno sandy loam and Fresno fine sandy loam, 
each with a phase; by two groupsof closely related soils, the Fresno 
loams and Fresno loams, heavy phase; and by two other mixed 
groups, the Fresno and Merced loams, undifferentiated, and the 
Oakley and Fresno sands, undifferentiated. 

FRIBHO BAMDT LOAM. 

Deeetiption. — The Fresno sandy loam typically ccmsists of a light- 
gray or light brownish gray sandy loam. The soil may be underlain 
by a heavier textured, more compact, browner subsoil resting on a 
hardpan, as in parts of the areas along the valley trough southwest 
of Fresno, or it may rest directly upon a hardpan. Hardpan is 
typical of the series. It is of grayish color and usually lies at depths 
ranging from 1 foot or less to 3 or 4 feet below the surface. In ex- 
ceptional cases there is no hardpan, its place being taken by a com- 
pact but unconsolidated layer. The hardpan varies in thickness 
from thin lenses, in which case it may be intennittent, to very thick, 
hard and continuous layers. Typically it is sufficiently dense to 
interfere with the penetration of roots and the movement of water. 
It may or may not be highly calcareous. The substratum, i. e., the 
material beneath the hardpan, is variable, and is sometimes stratified, 
containing material of both lighter and heavier texture than the 
stirf ace soil. 
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The Fresno sandy loam varies in color and structure within short 
distances. The better drained mounds incline to a browner color, 
while the intervening depre.<j&ions, in which the soil is puddled, are 
lighter gray In color, the material being heavier textured than else- 
where. In plowed fields the soil is often well pulverized on the 
uounds but cloddy in the depressions. Also there are included 
brownish variaticms, which Eesemble the Fresno sandy loam, brown 
phase. 

The Fresno sandy loam grades into the fine sandy loam and loam 
members of the series. It averages lower in organic matter, has a 
shallower and denser hardpan, a more puddled structure, and a 
higher content of alliali than the Fresno sandy loam, brown phase. 
It is nonmicaceous, except in some of the least modified, younger 
deposits. 

Location. — The largest bodies of the type lie along the valley 
trough west and south of Fresno. Several small areas lie west and 
north of Visalia. 

TofogrmpKy and drainage. — In surface features the sandy loam 
closely resembles the fine saudy loam and loam munbers of the series. 
The type occupies plains or flats of slight gradient, with frequent 
low ridges and belts of flat lands. The surface usually is uneven, 
being marked by low symmetrical mounds and small depressions, 
sometimes without outlet or only imperfectly drained. Most of the 
type is so affected by alkali as to be useless for agriculture unless 
reclaimed. It has a high water table and naturally imperfect drain- 
age in many situations, and the drainage has been rendered still more 
unfavorable by the burdening of the subdrainage with seepage water, 
as a result of irrigation of the upper valley slopes. 

Utilisation. — A small part of the type is used for general farm 
crops, such as alfalfa and grain, and locally for more intensive crops, 
such as grapes and other fruits. These uses are possible only on the 
alkali-free or slightly affected areas. The larger bodies are used for 
pasture and are often held in large tract& 

PBESNO BANDT LOAU, BBOWH PHASB. 

Description. — The Fre^o sandy loam, brown phase, consists of a 
medium to tight textured, friable, smooth, open-structured sandy 
loam ranging in depth from 12 to 36 inches. The color of the soil 
is brown, light brown, or grayish brown, and the phase includes 
minor bodies of gray material varying in texture from sandy loani 
to loam. Some mica is present in places, the amount depending 
upon the influence and size of small intermittent streams which are 
locally adding small quantities of fresh nraterial to the stirface soil. 
The soil is retentive of moisture, and, though low in organic matter, 
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is easily tilled, except in areas of heavier texture and poor drainage, 
in which case a somewhat cloddy surface may form. The subsoil 
where typically developed consists of a brown or grayish-brown, 
more or less compact, heavy sandy loam or loam resting upon com- 
pact or cemented silty hardpan layers,, which usually serve to check 
penetration by roots and wa-ter. The hardpan varies greatly in 
depth, thickness, and hardness and is intermittent or entirely absent 
in places. It ranges from a few inches to several feet in thickness 
and usually lies at least 4 feet below the surface. The less firmly 
indurated portions of the hardpan soften when wet, as where irri- 
gation is practiced. The substratum below the hardpan often 
resembles the subsoil in texture and color and is generally per- 
meable. Little or no gravel is present in the soil or subsoil except 
near abandoned streamways, where some fine gravel and coarse gritty 
sand occur. Lime is present in the lower subsoil, hardpan, and sub- 
stratum, either as seams, nodules, or small gray mottled patches. 
The areas nearest the valley trough frequently are most calcareous 
and are more irregular in surface configuration and less favorable 
for agriculture. The phase includes some small rather fl^t or slightly 
depressed bodies of grayer color and heavier texture, which are 
somewhat compact and puddled and are often covered by shallow 
ponds during wet weather. These minor areas have shallow soils, 
compact, heavy subsoils, and a hardpan relatively near the surface. 
Wind action has slightly influenced the lighter textured areas, and 
some drifting occurs over exposed surfaces. A part of the phase 
south of Sanger has a brown or reddish-brown subsoil, which is not 
so high in lime as that of the more typical bodies. The phase is 
separated from the typical Fresno sandy loam on the basis of differ- 
ences in color, drainage, and structure. 

Location. — The Fresno sandy loam, brown phase, is confined to the 
cast side of the valley, where it occurs in a number of areas varying 
gieatly in size. It is quite extensive and ranks among the most im- 
portant soils of the area for intensive crops. It is encountered, 
on the plains and is most prominently developed in Fresno County 
from Whites Bridge east to Kolinda. Kather large areas extend from 
near Laton northeastward to Sanger, and it is also prominent in the 
region around Fowler, west of McMuUin, south of Ormus, and near 
Keedley. 

Topoffraphy and drainage. — The phase occurs as a part of the gently 
sloping valley plains, and while the general topography appears very 
•uniform, the surface is marked in places by hummocks and occa- 
sionally by the channels of small intermittent streams and segments 
of old abandoned channels. Its position marks an intermediate 
stage of deposition by the larger streams entering the valley from the 



BOIL eUEVEY, MIDDLE SAN JOAQUIIT VALLEY, CALIFOENIA. 69 

east and it forms a part of extensive fans formed by them. The 

■ surface features are favorable to drainage, except locally in the zone 
of contact with the grayei" soils of the same series to the west. A 

■ few slightly depressed fiats of grayer color have been included with 
the phase. These are affected by standing water in wet weather and 
usually contain larger amounts of alkali than the soil of better 
drained areas. The subsoil in the deeper parts of the phase favors 
subdrainage, but in areas approaching the valley trough a rather 
shallow water table exists. Here the content of alkali is relatively 
large. The surface is ordinarily suited to tillage, but considerable 
leveling is necessary in places to prepare the land for irrigation. 

UtUization. — Practically all this soil is under cultivation, except 
in the small areas strongly impregnated with alkali or in those 
having a high water table. A small part, formerly ranked among 
the best soils of the area, has been abandoned on account of these 
conditions, which are directly traceable to seepage from higher lands. 
A large part is still used for grain, grain hay, and pasturage. More 
than one-half the phase is intensively farmed. Grapes, peaches, 
and several other deciduous fruits produce fair returns in favorable 
locations without irrigation, but the application of water is necessary 
for best returns with most of the intensive crops and alfalfa. Tlie 
soil has a very wide adaptation and nearly all crops suited to the 
climate do well. Such regions are tliiekly settled and among the 
oldest, best developed section of the area. The incorporation of 
organic matter, and good tillage and irrigation are the greatest 
needs of this soil. Land prices usually range well above $100, an 
acre for the most desirable parts. Less desirable land brings con- 
siderably less. Water for irrigation is available over most of the 
phase. Some is supplied -by gravity canals and some by pumping 
from underground sources. 



Description The Fresno fine sandy loam typically consists of a 

light-gray or light brownish gray fine sandy loam, which is practi- 
cally free from gravel. The soil puddles slightly or runs together 
upon wetting, largely because of the alkali which is commonly 
present. It is apparently low in organic matter. A grayish or 
brownish compact subsoil of heavier texture than the surface soil 
sometimes intervenes between the soil and hardpan, as is the case 
south and west of McMuUin; but at depths ranging from less than 
12 inches to about 36 inches the soil typically is underlain by the 
typical gray or brownish-gray hardpan of the series. The thickness 
and denseness of the hardpan are subject to considerable variation. 
In some cases it lies at less than 12 inches below the surface, is 2 or 3 
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feet thick, and is practically impenetrable with a soil auger. In other 
places it is thin and soft and lies at depths of 4 or 5 feet. It is gm- 
erally calcareous. The soil material below the hardpan has about 
the same texture as the surface soil or consists of variable strata, 
possibly including additional hardpan layers. 

The type is characterized by numerous puddled depressions, in 
which the soil is heavier in texture than that of the intervening 
mounds. Other variations frtmi the typical occur, such as the sandy 
streaks or local flats of heavy texture. The development of hardpan 
is least pronounced in the southernmost bodies of the type, and gives 
way to compact or semicemented subsoils in some instances. The 
typical gray color of the soil grades through brownie shades into 
the brown typical of the phase described below. Wheo dry the sml 
appears ashen gray in plowed fields, although it is browner when wet. 

Locatum. — The Fresno fine sandy loam occupies several extenave 
areas and many small onea The areas south and west of McMullin, 
north of Laton, around Traver, and north of Goshen are most im- 
portant. It is associated with other types of the Fresno series, with 
which it merges, but occasionally is surrounded by recent alluvial 
soils, from which it may be more readily distinguished. 

Topography and drainage. — The larger bodies occupy flattened, 
gently sloping, or slightly undulating plains on the lower valley 
slopes. The surface is very uneven, being marked by low, hog- 
wallow mounds with intervening puddled depressions. Belts of land 
or slightly elevated ridges occasionally extend for long distances. 
These surface features contrast strongly with the smooth topography 
of the recent alluvial soils. Drainage of nearly all the type is 
naturally deficient, and has been rendered worse by the rise of the 
ground water through irrigation of higher-lying land. Overflow is 
not common, but rainfall collects in depressions. Some isolated areas 
of the soil, slightly elevated above the recent alluvial soils, have a 
lower water table, but have the characteristic surface and alkali con- 
tent. Nearly all the soil carries sufficient alkali to make it unfit for 
agriculture, and the concMitration is increasing through evaporation 
from a high water table. 

UtiUzaPion. — A large part of the type is used for pasture, with 
no attempt at cultivation. The worst alkali areas are barren in 
spots, with <Hdy a patchy growth of the most resistant plants. Local 
areas contain little or no alkali and are farmed saccessfully, pro- 
ducing such crops as alfalfa, peaches, and grapes. A small part 
of the type is good agricultural land. The type is often held in 
large tracts, and where badly affected by alkali and in remote situ- 
aticms it can sometimes be bought for as tittle as $15 an acre. 
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'Description. — The Fresno fine sandy loam, brown phase, consists 
of a brown, light-brown, or grayish-brown, smooth, friable fine sandy 
loam, in places sliglitly micaceous. It usually ranges in depth from 
8 to 36 inches but may continue uniform to 6 feet or more. The soil 
contains no gravel and is low in organic matter. Where typically 
developed the subsoil consists of a light-brown ot brown fine sandy 
loam, silt loam, or clay loam, more compact than the surface soil but 
retentive of mMsture and usually permeable to roots and water. At 
a depth of 2 to 6 feet the subsoil rests upon the typical Fresno hard- 
pan. The material below the hardpan in many places resembles the 
subsoil. A tendency toward stratification in places gives the phase 
some variation in the cro^ section, and several layers of hardpan 
sometimes occur. Much of the subsoil effervesces freely with acid, 
and in places a gray mottling, caused by concentrations of lime, 
occurs. 

The Fresno fine sandy loam, brown j^ase, is variable where it 
merges with other types, and it includes small bodies of loamy sand, 
sandy loam, or silt loam. The lightest textured portions drift 
slightly in exposed positions, giving local areas a slightly, undulat- 
ing surface. It has an op«i, friable structure but is retentive of 
moisture. Occasional slight depressions or flats, occupied by the 
typical gray Fresno fine sandy loam, are included with the phase- 
In these the soil is puddled and holds water on the surface in wet 
weather. 

Location — The phase is moderately extensive. It occurs in a num- 
ber of scattered bodies west of Dinuba, southwest of Fresno, east 
of Biola, south of Sanger, around Fowler, and west and northwest 
of Kerman. It is confined to the plains on the east side of the valley 
and usually lies between areas of Madera or San Joaquin soils and 
the gray types of the Fresno series farther out in the valley. 

Topography and drainage. — The surface of the larger and better 
developed areas ranges from undulating or gently sloping to nearly 
flat (PI. II, fig. 1), and is marked by many low, narrow ridges a foot 
or two above the general level. Low, rounded hummocks inter- 
spersed with flat or basinlike depressions are of common occurrence'. 
over the larger bodies. A few small streamways and segments of 
abandoned channels traverse the phase, but these have little effect on 
its value for farming. Surface irregularities, unfavorable drainage, 
shallow hardpan, and alkali, usually are more pronounced in the 
western extension of the phase and near areas of the typical Fresno 
fine sandy loam than elsewhere. Drainage and alkali conditions vary 
greatly, but in general are better than in the typical soil. Some 
areas have been injured by seepage from higher lying soils, and care 
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in the application of water is necessary to prevent a rise in the water 
ble, which is often less than 20 feet below the surface. 
VtUisation. — The Fresno fine sandy loam, brown phase, is much 
less extensive than the typical Fresno fine sandy loam, but is more 
important agriculturally. The alkali areas are ufied solely for pa&- 
,iire or are intermittently farmed to grain and hay, with moderate 
;o small yields. The alkali-free and well-drained portions rank 
among the best soils of the area and are used successfully for grapes, 
peaches, kafir, and other crops. The moist areas that are free from 
alkali are often productive without irrigation, but alfalfa and many 
other intensive crops require irrigation for best yields. Water is 
obtained both from gravity canals and by pumping from under- 
ground sources. The phase is capable of intensive agricnlture, espe- 
cially where water for irrigation is developed, the hardpan brokea 
up, good tillage practiced, and the content of oi^nic matter in- 
creased. 

The price of land varies widely, depending not only upon soil con- 
ditions, such as depth to hardpan, surface irregularities, alkali, and 
the availability of water for irrigation, but also upon location and 
state of development. 



The gi'oup Fresno loams includes the loam and silt loam and heavy 
phase of these types. 

Desariptioti. — The Fresno loam typically consists of a gray or 
brownish-gray loam. It is often compact, puddled or of rather un- 
favorable structure, this condition resulting from a low organic con- 
tentj the presence of alkali, and poor drainage. The subsoil is vari- 
able, but is in most places mottled, very compact, and heavier tex- 
tured than the surface soil. In the more poorly drained situations, 
the subsoil ranges from grayish to dark gi-ay and may be very 
calcareous, but in better-drained areas it is often friable and browner 
than the surface material. At depths ranging from 12 to 48 inches 
the subsoil rests upon the more or less well defined grayish hardpan 
characterizing the Fresno series. The material beneath the hardpan 
is often more friable than the subsoil and ranges in color from gray 
to brown, sometimes mottled. 

The Fresno silt loam is of small extent. It differs little from the 
loam except in texture. 

The soils of this group are not uniform, variations in texture, 
structure, and color occurring within short distances. The hummocks 
which cover the surface are browner, of lighter texture, and of more 
friable structure than the intervening depressions. Dark-gray strips 
of other soils are included. Some of the material in the southern part 
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of the survey averages light brown in color, and where this is the 
case the hardpan is less firmly cemented or is displaced by a compact 
but unindurated subsoil. Variations in structure are sufficient to 
effect tillage, the most friable soil being easily handled, while that of 
puddled structure is cloddy and refractory. The body southeast of 
Tulare merges on the east with soils of the Madera series and is some- 
times underlain by the brown or reddish hardpan typical of these 
soils. Small areas of lighter textured soil are included, some of which 
are large enough to be mapped separately in a more detailed survey. 
Some of the soil in sections 7 and 8, between Traver and Monson, is 
a clay loam in texture, and soils of like heavy texture exist elsewhere, 
usuaUy where the surface is flat. 

Location. — The group, which is extensive, includes several large 
areas, such as that south and east of Traver, in the Tipton region, 
and southeast of Tulare. Smaller areas occur surrounded by other 
soils of the same series and occasionally by soils of more recent origin. 

Topography and drainage. — The Fresno loams occupy gently slop- 
ing or flat plains whicli merge gradually into the lower valley slopes. 
In detail the surface is uneven, having the hog-wallow topography 
prevalent in the soils of the Fresno series. This tends to restrict sur- 
face drainage. Some of the areas receive run-off from higher lying 
area.s and there are strips of puddled soil along many of the windings 
indistinct drainage ways. Some areas overflow during rainy seasons, 
and drainage is in general deficient, owing to overflow, a high 
water table, or to retarded subdrainage. Practically all the group 
carry injurious quantities of alkali, and in more than one-half its ex- 
tent enough to make reclamation necesKacy. 

Utilization. — The soils of this group are largely untitled but are 
used for pasture. Grain, alfalfa, and the nonsaccharine sorghums are 
grown locally where the soil is free from alkali or contains only small 
quantities, but the total acreage of such crops is relatively small and 
they are conflned mainly to marginal areas or included strips of soils. 



Deseription. — The Fresno loams, heavy phase, consist of a grayish 
or brownish-gray, compact, fine-textured clay loam, ranging in depth 
from 8 to 14 inches. The soil in flatter parts frequently is subjected 
to standing water and in such places is puddled. The color is darkra 
near areas of soil of the Merced series. The more elevated areas 
are somewhat browner in color and have a more favorable structure 
than typical. The soil is free from gravel or other coarse material. 
It is low in organic matter, which tends to make tillage rather diffi- 
cult unless performed when the soil is in proper moisture condi- 
tion. The subsoil closely resembles the surface soil in texture and 
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UtUizaiion. — The phase is of little importance, and until recently 
has been used mainly for pasture. Some dry-farmed grain is grown, 
but yields are low and uncertain, Kice has been introduced re- 
cently. Fair yields of this crop are obtained where the soil is iwell 
prepared and the crop properly handletl. The soil is deficient in 
organic matter and responds well to applications of manure. Good 
tillage and irrigation are its chief requisites in growing nearly all 
crops except grain. The soil is not considered a good one for the 
production of fruits on account of defective drainage, alkali, hard- 
pan, and frost conditions. 

FBESNO AND MBBCK) LOAMS. UNDIPFBRENTIATED. 

Description. — The Fresno and Merced loams, undifferentiated, in- 
clude' the Fresno loam and Mer(«d loam as the principal types, with 
some silt loam and clay loam of both series. The group comprises 
areas in which the light-gray soils of the Fresno series, and the 
dark-gray to black soils of the Merced series occur in such intricate 
association that separation in a survey of this character is impracti- 
cable. The included types are described in the discussions of the 
Fresno loams; Fresno loams, heavy phase; Merced loams, and the 
Merced clay loams and clays. 
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Topograpft/g and drainage. — Th« gentle, sloping plains, on which 
most of the group occurs, are similar in general to those covered hy 
the Fresno loams and Fresno fine sandy loam, but are marked by 
more numerous shallow waterways. Water from streams of tiio 
east side in its course toward the valley trough traverses much of the 
group b; a complex system of shallow channels, many of which are 
only disccmtinuous, meani^ring swales, though a few are well defined. 
In years of low rainfall only the latter carry water, but in wet years 
they overfiow and modify the intervening soils by gradual reworking 
or by deposits of fresh material, depending largely on the local 
gradients. In this manner the Fre^io soils are left as slightly high«', 
mere hummocky remnants separated by streaks or fiats of the 
smoother, dark-colored Merced soils. The Fre^io and Merced soils 
occupy different proportions of the surface in different localities, 
depending upon the degree of stream action. The light-colored soils 
occupy only small mounds in places and in others predominate or 
are merely streaked with swales of the other series. Much of tha 
area of the soils of .the group could be differentiated in a more de- 
tailed survey, but some of the bodies are spotted rather than streaked 
and include areas which are intermediate in most characteristics 
between the two series. 

LocatioTh. — The largest area of these soils is one of irregular out- 
line, centering northwest of Tipton. Others lie west and southwest 
of Tulare and north of Visalia. Some areas of Merced loams and 
Fresno loams are mapped within the main areas occupied by this 
group or around its margins, and the soil boundaries are nearly 
always rather arbitrary. 

The surface features of the group are practically as described 
under the Fresno loams and the Merced loams. Nearly all the group 
is affected by alkali, but the quantity present varies widely. Proba- 
bly more than three-fourths of these soils contain sufficient alkali to 
prevent crop growth. The Merced soil is often only slightly affected 
with streaks of alkali and important bodies are alkali free. 

Utilisation. — The greater part of these soils is used only for 
pasture. Grains, the sorghums, and alfalfa are grown locally on the 
better, alkali-free areas, but the production of fruits is negligible. 
Pumped irrigation water is often supplied and apparently is avail- 
able for most of the soils. Water for alkali reclamation seems to be 
the diief need of these soils. 

MekCKD SBBIB8. 

The soils of the Merced series are composed of somewhat modified, 
water-laid deposits derived from a wide range of rocks. They are 
typically dark-gray to black in color and are underlain by brown. 
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■ grayish-brown, or gray subsoils similar to or heavier than the surfaca 
soils. The subsoil typically carries concentrations of lime, which 
occur as gray mottlings, seams, and nodules. In places it is compact 
and only partially permeable to roots. The substratum, that part of 
the soil section below 6 feet, is generally mottled and poorly drained 

■ and similar to the subsoil in color and texture. The soils are high in 

■ organic matter. They have a flattened or slightly uneven surface, 
which is partly overflowed at times. The Merced soils differ from the 
dark-colored recent alluvial soils in subsoil conditions. Drainage is 
often defective in wet weather and the water table is high during 

■ the wint«r months, which restricts agricultural development in many 
places. 

The series is represented in this survey by the Merced loams and 
the Merced clay loams and clays groups, and by the Fresno and 
Merced loams, undifferentiated. 



The p'oup Merced loams includes the loam' and silt loam of the 
Merced series. 

Desrriptwn. — The Merced loam typically consists of a dark-gray 
to black loam which is generally nonmicaceous and free from gravel, 
grit, or other coarse material. The color is often dark brownish gray, 
when dry, but becomes darker or even black when wet. The soil 
, when even moderately well drained is fairly friable and easily tilled, 
but it puddles in the more poorly drained places. It is high in 
organic matter and often is calcareous. At depths ranging from a. 
few inches to 3 feet or more the soil is underlain by lighter colored 
subsoils of variable texture, often stratified. The color of the subsoil 
is brownish where well drained and light gray or mottled where 
poorly drained; yellowish shades also occur. The subsoil varies 
greatly in structure. The clayey layers are often very compact and 
contain much lime, and in general the subsoil is less permeable and 
more calcareous than the subsoil of the recent alluvial soils. It does 
not have, however, the distinct layers of hardpan common to many 
of the old valley-filling soils. 

The Merced silt loam has about the samb color and structure as 
the loam. It consists of a smooth-textured silt loam of relatively 
low silt and high clay content. The subsoil resembles that of the 
loam except that material of sandy loam and fine sandy loam texture 
is prominent in much of the large body southwest of Caruthers. 

The content of organic matter is very high in situations where the 
soils have been continuously wet for long periods, and peaty layers 
are sometimes encountered within the surface few inches or at greater 
depths. The structure is often affected by the alkali content, whith 
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is usually accompanied by lighter colors and less organic matter. 
. The group in the region south of Tulare and to a less degree else- 
where contains streaks of brown soils which are often of lighter" 
texture and of relatively recent deposition. Some small areas of 
Fresno soils also are present. These are readily distinguished by 
their lighter color and more hummocky surface.' Parts of the area 
south of Caruthers contain streaks of recent alluvial soils of both 
the Hanford and the Foster series. 

Location. — The largest area of these soils extends for maiiy miles 
along the east side of the valley trough from the Kings County line 
northwestward. Smaller areas lie farther north and others occur on 
the west side of the trough as near Tranquillity. In this area there 
is some material of clay loam and clay textures. There are several 
elongated . areas in the region between Tulare and Tipton. 

Topography and drainage. — A slightly undulating topography 
occurs locally, but smooth, gently sloping surfaces broken only by 
indistinct water courses or shallow sloughs, prevail. Some .of the 
group south of Caruthers was subjected to overflows for long periods 
before protecting levees were built. Overflow during exceptional 
seasons covers some of the areas between Tulare and the southern 
boundary of the survey, but the water here does not remain long. 
Alkali accumulations have damaged some of the soils to such an 
extent that they can be used only for pasture. Many of the more im- 
portant areas are free from alkali or are affected only locally. 

Uiilhation. — Owing to overflow some of the group long remained 
undeveloped, but over a part of such areas the construction of levees 
has made tillage possible. Alkali areas and some of those for which 
irrigation water has not been supplied are used for pasture. Such 
dry-farmed crops as grain and the sorghums are produced on the 
better phases. Where irrigated, alfalfa is the principal crop, being 
grown extensively in connection with the dairying industry. 

UERCED CLAY TXUUH AND CIATB. 

The Merced clay loams and clays group includes several of the 
heavy-textured types of the Merced series, chief among which are 
the clay adobe, the silty clay loam, and the clay loam adobe. Smaller 
areas of the clay and clay loam are also included. 

Deaciiption. — ^The Merced clay adobe typically consists of a dark- 
gray to black clay, very sticky when wet and having a pronounced 
iidobe structure when dry. The soil is in many places calcareous 
and is high in organic matter. Gravel or similar coarse material 
is rarely present. The dark-colored surface soil occasionally extends 
to a depth of 4 or 5 feet or more, but is more often underlain at 18 
to 36 inches by lighter colored subsoils of grayish or brownish 
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shades. The snlsoil is nonaally of heavy texture, but may be 
slightly light«r than the surface soil or contain distinct sandy strata. 
It is. sufficiently calcareous and compact to be less permeable to roots 
and water than the subsoils of typical recent alluvial soils. The 
lime concentrations are sometimes sufficient to make the subsoils 
compact and give them a mottled appearance, although layers of 
true hardpan are rare. Upon drying without cultivation the soil 
cracks badly and becomes baked and flinty and untiliable, but if cul- 
tivated under favorable moisture conditions the adobe tendency aids 
in obtaining a fair seed bed for a soil of such heavy texture. 

The Merced silty clay loam consists of a dark-gray, drab, or black 
silty clay loam, which extends to a depth of 30 inches or occaaonally 
to 6 feet without marked change. It is quite friable when well 
handled. In many places the dry, tmtilled soil has an adobe struc- 
ture, but when properly handled forms a friable seed bed. The 
soil is underlain by grayish, yellowish, or brownish subsoils of sticky 
sandy loam texture, or by strata similar to or lighter or heavier in 
texture than the surface soil. The subsoil is calcareous and contains 
nodules or layers of light-colored calcareous material, often Dot 
eufficientty dense to interfere seriously with the movement of water 
or the development of roots. 

The Merced clay loam adobe consists of a dark-gray to black clay 
loam soil, having the same general structural features as the Merced 
clay adobe except that the adobe structure is less pronounced. In 
cross section and in the calcareous nature of the subsoil it also 
resembles the clay adobe, the two t^pes often merging in the field. 

The group includes also areas of the Merced clay and the Merced 
elay loam. They are omilar in cross section and in most other 
features, except structure, to the clay adobe and clay loam adobe. 

The soils of the group include some variations from the typical as 
described above. Sc»ne areas ot brownish soils are included, and 
also areas having distinctly friable and not very calcareous subsoils. 
The latter represent recent alluvial deposits. Where the soils contain 
alkali they are usually puddled, lighter in color, and apparently 
lower in organic matter, as in the area lying west of Fresno Slough 
and extending southward from near Mendota for several miles. 
A thin overwash of recent alluvium containing mica particles has 
been deposited locally, and the subsoil often contains strata that are 
much more sandy and friable than the average. Some areas which 
in their naturnl condition were wet for long periods contain peaty 
layers. 

Looation.— This group includes the principal soils in the bottom of 
the valley trough extending from Mendota southeastward for many 
miles. For much of this distance it occurs on both sides of Fresno 
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Slough in a Btrip varying in width from about 1 mile to 8 mil«s. 
The soils are interrupted by lighter-textured recent alluvial fan 
deposits, but occur farther south in another important area. Besides 
iJiese larger areas smaller areas of the group lie east and southeast of 
Corcoran. 

Topography and djraamage, — ^The soils of the group usually occupy 
the lowest elevations of thur locality and have level, flat, or very 
gently sloping surfaces without marked irregularities. Some of the 
alkali land is slightly hummocky with inclosed flats and puddled 
areas. Shallow waterways are common, and under natural condi- 
tions nearly all the group was subject to occasional overflow. Levees 
have been constructed and now protect much of the land, but the 
drainage is very sluggish. A high water table prevails, but injurious 
accumulations of alkali occur in only a small part of the group. The 
most important area of alkali land is that lying southeast of Men- 
dota, although elsewhere marginal areas and some inclosed spots are 
affected. 

Utilisation. — The soils are poorly adapted to fruits and most 
intensive crops, owing to unfavorable texture, drainage, and 'frost 
conditions, although a few small orchards have been planted. Alfalfa 
is an important crop around Tranquillity and elsewhere, and is grown 
mainly in connection with the dairy industry. Grain and grain hay 
are produced, usually with good yields. Rice is grown to a small 
extent near Corcoran. The alkali areas are utilized for pasture. 

Montezuma Sebibs. 

The types of the Montezuma series are derived from unconsoli- 
dated water-laid deposits which have been considerably changed by 
weathering, erosion, and other agencies since their deposition. The 
materials forming these deposits come from sedimentary and igneous 
rocks. The surface soils are dark gray to black, often with a brown- 
ish cast. The subsoil to a depth of 6 feet is grayish brown, yellow- 
ish brown, or gray. It contains much lime, occurring as gray mot- 
tling or as seams or nodules. The subsoil is as heavy as or heavier 
than the surface soil and in places is somewhat compact. The soils 
are high in organic matter, and with good tillage are retentive of 
moistnre. They have a gently sloping, undulating, or roiling topog- 
raphy. Drainage is good, and no alkali is present. The series is 
represented in this area by the clay adobe. 



Description. — The Montezuma clay adobe consists of a dark-gray 
to black heavy-textured clay of pronounced adobe structure. The 
soil is very sticky when wet, is well granulated and friable when 
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tilled under proper moisture conditions, and is free from coarse or 
gritty material except locally along the foothills, where small quan- 
titles of gravel and cobblestones are present. The higher and slightly 
undulating parts of the type frequently have a brownish cast and 
gradually merge into the soils of other series. At depths ranging 
fromi 12 to 60 inches the soil grades into a gray, grayish-brown, or 
dark grayish brown calcareous clay or clay loam. The lime occurs 
in numerous white or gray streaks or in spots often as large as a 
hen's egg, and in places is present in nodular form or in small lenses 
resembling hardpan. The lime concentrations usually decrease be- 
low 5 feet and give way to a dark-brown or reddish-brown clay. 
Negligible quantities of gravel and cobblestones are present locally 
in the subsoil. 

In the western part of Frazier Valley small calcareous nodules 
give the soil a grayish appearance in places. Small included bodi^ 
usually of reddish-brown or red color, as in the bodies ea^ of 
Clovis, have a distinct hardpan. 

Location, topography, and drainage, — The Montezuma clay adobe 
covers 18 square miles or 11,520 acres, and is principally confined to 
the Frazier and Pleasant Valleys with smaller bodies along the foot- 
hills from near Exeter northward into Fresno County. It occurs 
only on alluvial fans and footslopes on the east side of the valley. 
It generally has a smooth, gently sloping surface. There are some 
gently undulating or rolling areas, but on the whole the surface is 
less diversified than in much of this soil elsewhere in the State. 
Some flat areas exist, such as the one north of Orosi. The under- 
ground water lies at some depth and there is no danger of cro|fi 
being injured by alkali. Over most of this type little difficulty is 

■■ experienced in preparing the land for irrigation, though leveling is 
necessary in places. 

Utilization. — Most of this soil is under cultivation. It is viaeA 

- chiefly for grain growing, the supply of irrigation water being in- 
adequate for other crops. In the region north of Orosi and else- 
where a small part is used for fruits, and yields are good where the 
supply of water for irrigation is ample, and good tillage is practiced. 
Very little fertilizer is used except for citrus fruits. Thorough 
tillage, the addition of organic matter, and irrigation are the most 
important needs of this soil. 

soils fb0» recent alluvial ua'nsial. 

Panoche Sbbies. 

The soils of the Panoche series are derived from recent alluvial 
deposits of gray or light-gray to light brownish gray color and com- 
ing principally from sedimentary rocks. The soils are low in or- 
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ganic-inatter content. The subsoils, which are of the same or slightly 
lighter color, are similar to the surface soils in texture or may con- 
sist of strata of varying texture. Hardpan or dense subsoils are not 
typically present. These soils occupy broad alluvial fans and 
alluvial valley slopes and small areas of stream terrace and stream 
t)ottom. The areas usually have a gentle slope and uniform surface, 
except for low stream-built ridges and occasional small dunes. 
Drainage is good except in low, flat, or depressed parts near the 
valley trough, where seepage and a high water table occur. In such 
places harmful quantities of_alkali may be present. The soils have 
developed under conditions of scanty rainfall, and are usually tree- 
less, but generally support a low growth of brush and grasses in 
their native state. The Panoche soils are distinguished from the 
Laguna soils of similar prigin by the high content of lime in the soil 
and subsoil. 

The Panoche series is repi-esented in this sOrvey by four soil 
groups — the sandy loams, loams, clay loams, and the adobe soils. 

PAROCHE BiNUT LOAMS. 

The group Panoche sandy loams include the Panoche sandy loam 
and fine sandy loam, the sandy loam predominating. 

Description, — The surface soil of the Panoche sandy loam consists 
of a light brownish gray or gray, nonmicaceous, friable, loose-struc- 
tured sandy loam, generally showing but little change to a depth of 
fi feet or more, except that the color below about 12 inches is lighter. 
It contains a small percentage of medium-sized gravel along streams 
and near the foothills. The content of organic matter is usually 
low, though the soil is receptive of moisture. The subsoil below about 
12 inches is in places considerably stratified. In parts adjacent to the 
low, rounded hills occupied by residual soils the depth o'f the soil 
and subsoil is subject to some variation, and the type may be under- 
lain by residual materials. Areas along the upper courses of Little 
Panoche, Panoche, Los Gatos, Waltham, Jacalitos, and Zapato Creeks 
are much lighter in texture than typical, and carry large quantities 
of gravel. Both soil and subsoil are calcareous. 

The Panoche fine sandy loam differs little from the sandy loam 
ejicept in its finer texture. It is generally free from gravel. It often 
occupies a position between the Panoche sandy loam and the Panoche 
loam. Most of the areas of the group as mapped contain small areas 
of the loam. 

The soils of this group vary greatly in texture within short dis- 
tances, being much more streaked than other soil groups of the 
Panoche series. Some very sandy or gravelly areas that resemble 
Riverwash are included. Small areas of Panoche sand also are in- 
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eluded. Some of the more brownie variations, which are generally 
less calcareous, approach in character soils of the Volo seriee, which 
are of similar origin and of widespread occurrence on the west side 
of the valley farther north, where the average rainfall is slightly 
greater. 

Location. — The Panoche sandy loams cover a total of 118 aquare 
miles, occurring entirely on the west side of the valley. TTie prin- 
cipal bodies occupy alluvial fans along Panoche, Oantua, and Jacali- 
tos Creeks and around the base of the Kettleman Hills. Large areas 
are mapped west of Huron, southwest of Tranquillity, and west of 
M^idota. Smaller areas lie along other creeks and on the valley 
t^lopes. Many areas bordeiing streams extend far out into the valley. 

Topography and drm/tmge. — The Panoche sandy loams have the 
smooth and even surface charactwistic of the Panoche series. The 
group occupies portions of sloping alluvial fans, Tt often occupies 
the central or highest part of the fans or of their dividing lobes, and 
in general lies slightly higher than the other soil groups of the Panoche 
series. Both surface drainage and underdrainage are good, and in 
the lighter variations excessive. The areas on the more steeply 
sloping fans, particularly, are droughty. Water for domestic pur- 
poses is difficult to obtain on the higher parts. The-surface of the 
type is favorable for irrigation. 

UtUizatton. — The group is utilized to a less extent than the loams 
and clay loams of the same series because of its more droughty nature. 
Dry farming is considered hazardous. The greater part of the group 
is still covered with " shad scale " and other brushy or desertlike 
growths. It is used chiefly for pasture, but supports a scant growth 
of grass. Grain is grown west of Huron by dry-farming methods 
and some alfalfa is produced where irrigation is developed. Some 
attempts to grow olives with irrigation have been made on the fan 
north of the Kettleman Hills. 

PANOCHB UUK8. 

The group Panoche loams includes the loam and the«ilt loam types 
of the Panoche series, both types being fairly extensive. The former 
generally occurs near tlie hills or in the proximity of the lighter 
textured soils, while the latter is most prominent farther out in the 
valley near the heavier textured types. 

Description. — The Panoche loam is a gray or light-gray to light 
grayish brown, medium to heavy textured, nonmicaceous loam which 
may extend to 6 feet or more without change in texture oi' may by 
underlain at any depth below several inches by strata of varying tex- 
ture. The surface soil when dry is grayer and appears of lighter 
texture than when wet. It is very friable and easily tilled. The 
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type is more retentive of moistare and higher in organic matter than 
the Panoche sandy loam. It is slightly gravelly in some localities. 
The subsoil is generally lighter brown or more yellowisli or reddish 
brown than the Burface soil, and ranges in texture from sandy or 
silty material to a loam or light clay loam. The subsoil averages 
tieavier than that of the Panoche sandy loam.s, but lighter than that 
of the Panoche clay loams. The surface soil and subsoil are gen- 
erally distinctly calcareous. The type is uniform over extensive 
areas. 

The Panoche silt loam is a light-gray or gray to light grayish 
brown, medium to heavy textured, calcareous silt loam. The subsoil 
is more often distinct from the soil than in the loam. At about ^4 
to 36 inches it usually shows a more prcmounced brownish tint and a 
slightly more compact structure. In many places it is a yellowish- 
brown silt loam or silty clay loam, but is always readily permeable 
to roots and water. The silt loam has a somewhat higher organic- 
matter content than is typical of the loam. The two types are much 
alike in many feature& 

Both soils in this group have a powdery structure when dry, which 
aimetimes gives them the appearance of soils of lighter textures. 
When thoroughly wet they are sticky, but little puddling occurs. 
While the soils are generally uniform, there are local variations in 
texture, topography, structure, and content of organic matter and 
gravel. Small areas of hummocky nature occur on the plains south- 
west of Huron and elsewhere, resulting either from wind action or 
erosion. Near the trough of the valley the group has scwne of the 
subsoil characteristics of older soils, and small areas of modified 
alluvial soils are included. Some of the included material has a 
brownish color and is less calcareous than the more typical gray 
soils. Such areas approach in character the soils of the Yolo series, 
which have a similar origin and mode of occurrence. The substratum 
of the Panoche loams group is somewhat streaked and mottled with 
calcareous material in places of greatest age or where the soils are 
derived from areas of sedimentary rocks high in such material. 

Location, — The Panoche loams group is one of the extensive groups 
on the west side of the valley. The principal areas occupy an inter- 
rupted belt along the upper valley slopes, at the foot of the moun- 
tains, and extend for several miles toward the center of the valley, 
in several places nearly to its trough. 

Topography asid draiTiage. — The Panoche loams occur on alluvial 
fans and low, broad stream-built ridges. The slope is greatest near 
the hills and decreases toward the valley trough, where it is very 
gentle. The surface in detail is slightly imdulating or smooth, with 
fflnall included flats or sligjitly depressed areas locally poorly drained 
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and affectctl with alkali. The surface of the grouji is typically 
smooth and well suited to cultivation and irrigation. The lower 
extensions of the areas have a slightly' higher elevation than the 
heavier textured adjacent types, but a somewhat lower average eleva- 
tion than tlie Panoche sandy loams. The Panoche loams are wdll 
drained as a rule and areas of high water table or alkali accumula- 
tion are small and confined to the region near the trough of the 
valley. 

Utilization. — The soils of the group are treeless, but locally have a 
scattered growth of low brush. They are well suited to a wide range 
of intensive crops, but the low rainfall and the difficulty and expense 
of obtaining irrigation water combine to restrict their use. Most of 
the land is used for pasture. Dry-farmed crops consist almost ex- 
clusively of grain and the nonsaccharine sorghums, the latter on only 
a small aci^eage, and even these crops frequently fail completely. In 
wet years with well-distributed rainfall profitable yields are obtained. 
A widely fluctuating acreage is farmed, the area planted to crops be- 
ing influenced by periods of wet and dry seasons, but the average area 
planted is but a small percentage of the total area of the group. Little 
in-igation water, either from underground sources or from streams, is 
available. Small quantities of water, obtained from wells along Wal- 
tham and Jacnlitos Creeks are used to irrigate a small acreage in these 
neighborhoods. Other wells are being developed farther north on 
the plains. Flood waters from the larger creeks are often diverted 
for irrigation, but this supply is only available for short periods and 
is not dependable. The. favorable character of these and adjacent 
soils has stimulated plans for the development of irrigation. 

Much of the group lies remote from transportation facilities and 
the land can often be bought for as little as $25 an acre. The difficulty 
of obtaining water even for domestic purposes tends to depress the 
price of land of this group. 



The group Panoche clay loams includes the clay loam and the 
silty clay loam types, of which the latter is probably the more ex- 
tensive, although both types are among the more extensive soils of the 
survey. 

Descriptifm.—The so.il of the Panoche silty clay loam is a gray to 
brownish-gray silty clay loam, 18 to 24 inches in depth. It is sticky 
and rather compact when wet, but is friable and pulverizes easily 
when handled under proper moisture conditions. Its structure va- 
ries, being most favorable to tillage where the slope is sufficient to 
give good drainage, and least favorable in flats or slight depressioiB 
where water stands in wet weather, as in areas nearest the valley 
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trough, A tendency toward an adobe structure occurs locally in the 
flatter positions and where the content of organic matter is gi'eatest. 
The type contains more organic matter than the lighter textured 
soils of the series, and is more retentive of moisture and better suited 
to dry-farmed crops. Little gravel or other coarse material is 
present. The soil is often uniform throughout large areas. The 
subsoil is light gray or yellowish brown in color, and is similar to 
the soil in texture and structure to a depth of 6 feet or more or con- 
sists of layers of sandy or silty material with local concentrations of 
lime. Both the soil and subsoil are calcareous. The substratum 
resembles the subsoil to great depths. Commonly there is no distinct 
line of demarcation between tlie soil, subsoil, and substratum, but 
some of the type of oldest deposition shows the effects of age, a3 
indicated by occasional compact, poorly structured subsoils which, 
however, do not seriously interfere with root development or the 
movement of water. The cross section of the type sometimes shows 
varying quantities of gravel in the subsoil and substratum. 

The Panoche clay loam differs little from the Panoche silty clay 
loam except in texture, having a somewhat gi-eater proportion of clay 
and a lower silt content. Where the type merges with the lighter 
types of the series it contains more coarse material and possibly less 
organic matter. 

Boundaries between this group and other soils on the valley slopes 
frequently are indefinite, and gradations from lighter to heavier tex- 
tures occur. Some local variations, which differ slightly from the 
main type in color, organic-matter content, structure, or surface con- 
figuration, are included. Near the trough of the valley the typical 
color gives way locally to the darker colors of the Merced or Sacra- 
mento series while the texture also often becomes heavier, the content 
of organic matter is higher, and the structure more puddled or adobe- 
like. In some of the browner variations the material is less uni- 
formly calcareous, and approaches in color and character the related 
soils of the Yolo series, which are of brown color and of similar 
origin and mode of occurrence. Some of the included material may 
in such localities represent the grayer variations of the Yolo soils. 

Locadon. — ^The Panoche clay loams are extensive in this survey, 
covering 438 square miles, or 9.8 per cent of the area surveyed. They 
occur only on the west side of the valley and extend almost continu- 
ously from the northern to the southern boundary of the area. 
Nearly all the group is contained in one large, irregularly shaped 
body which occupies a position between the Panoche loams and 
Panoche sandy loams of the higher valley slopes and the soils of the 
Merced and Sacramento series in the trough of the valley, A number 
of smaller areas occur along the lower slopes of the Coast Eange 
foothills. 
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Topograph// and drainage. The greater part of the group occu- 
pies a unif onii. gently sloping plain ; the remainder lies on aUu^'ia^ 
iahs of moderate slope near the foothills. The larger areas occupy- 
ing the smooth plains are somewhat lower and more regular in sur- 
face features than the Panoche loams, and require little leveling for 
irrigation. The part of the group having greatest slope and eleva- 
tion is well drained. About one-half of that on the lower valley 
floor has defective drainage and contains injurious accumulations of 
alkali. (PI. II, fig. 2.) The parts affected by alkali lie near the valley 
trough, and include flat or slightly depressed spots winch are covered 
with shallow standing water during net weather. Oveiflow from 
some of the small drainage ways affects small parts of the group but 
is never serious. 

L'tilhdtion. — The Panoche clay loams are not extensively farmed, 
probably more than 75 per cent of the soils being untilled and used 
for pasture. They support a sparse growth of brush and grass and, 
locally, alkali vegetation. The shad scale is less abundant than on 
the lighter textured soils. With summer fallowing grain yields mod- 
erately well in years of favorable rainfall, but dry farming is hazard- 
ous. Yields are better than on the lighter types of the Panoche 
series. Some inextensive areas are irrigated with water pumped from 
wells. Alfalfa, grain, and the nonsaccharine sorghums are the prin- 
cipal irrigated crops, but the expense involved in supplying water 
from deep wells is great. The soil conditions are favorable for the 
production of a wide range of crops, but irrigation is necessary to 
insure profitable yields. 



The group Panoche adobe soils includes the clay loam adobe and 
clay adobe, of which the former probably is the more extensive. The 
tyT>es are often so closely associated that separation is impracticable, 
the lighter usually occurring on slight elevations and the heavier 
soil in shallow swales or in flats. 

DesrriptioTK—The Panoche clay loam adobe consists of a gray 
to brownish-grny. compact heavy clay loam of adobe structure, with 
a depth of 24 to 30 inches. The color is generally darker than that 
of the lighter members of the series. The soil is very sticky when 
wet and cracks deeply and forms rough cubical fragments on 
drying. A good surface mulch can be maintained by tillage, and 
the water-holding capacity is high, but the type occurs in regions of 
low rainfall and is too droughty. A moderate to large percentage of 
oi^anic matter is usually present, which aids in retaining moisture. 
Surface water is absorbed freely when the soil structure is open anil 
cracked, but when the soil h wet moisture moves slowly through it. 
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Cultivation is difficult, and the soil puddles unless handled under 
proper moisture conditions. The subaoil is a light -brown or slightly 
yellowish brown silty clay loam, clay loam, or light clay. The struc- 
ture is compact, but not sufficiently so to interfere with the penetra- 
tion of roots or water. The soil and subsoil are typically calcareous, 
and the type sometimes shows calcareous seams or grayish discolora- 
tions, due to lime, especially where poorly drained. The substratum 
differs little from the subsoil to great depths, but in places contains 
■watoTPorn gravel. 

The Panoche clay adobe differs from the clay loam adobe mainly 
in its slightly greater content of clay. 

Portions of the group vary from the typical. The area in the 
northwestern part of the survey is the southern extremity of a larger 
area lying to the north and included in the lower San Joaquin Valley 
sur\'ey. It includes spots of lighter texture where it merges with the 
Paitoche clay loams group, and the texture may approach a loam 
over small areas, while s«ue gravel is present. A part of this area 
i«fiembles the old valley-filling soils in being somewhat hummocky 
and having somewhat more compact subsoils. The southernmost 
urea on the west Edde of the valley does not exhibit the adobe struc- 
ture to a marked degree. As is the case with the other soils of this 
series, the group as mapped includes some soils of quite pronounced 
brownish tint, which closely approach in character the related Yolo 
soils, into which the Panocho soils merge gradually. 

Zocffl^Mja.— Several areas of this group are mapped, but the soils 
are of greater importance north of the present survey. In addition 
to the area northwest of Mendota an area lies southwest of Lethent 
and cBie of very anall size about 5 miles south of Tranquillity. The 
group covers an area of 10 square miles. 

Topography and drainage. — The Panoche adobe soils typically 
have a gently sloping or nearly level, smooth surface, but irregulari- 
ties occur locally. The surface is readily fitted to irrigation, some 
leveling being necessary in the more undulating areas. Drainage 
is not so good as in the case of the lighter textured types of the series, 
owing to the slight slope of the surface and to the accumulation of 
run-off from higher lying soils. The body at Lethent is only moder- 
ately well drained, and a part of it has a high water table and con- 
tains accumulations of alkali, which is true aLso of some other small 
tracts. Water sometimes stands for short periods in depressions be- 
iween the hummocks of hog-wallow areas, and in some other places 
in wet seasons, owing in part to the slowness with which it percolates 
through the soil. 

Utilisation. — The Panoche adobe .soils can be handled successfully 
only within a narrow range of moisture conditions. A part of the 
area northwest of Mendota produces grain, while the area southwest 



88 FIELD OPERATIONS OF THTI BUBEAU OF SOILS, 1916. 

of Lethent is in pasture. Grain yields well where it lias sufficient 
wat«r, but the low rainfall and difficulty of irrigation, fend to restrict 
the use of the group to pasture. With irrigation the soils are capa- 
ble of producing alfalfa, rice, and many other crops. They are, how- 
ever, distinctly less valuable for fruits than the lighter textured soils 
of the same series. 

Lag UK A Sebibs. 

The Laguna soils are derived from recent alluvial material washed 
mainly from light-colored soft, or partly indurated, sedimentary 
rocks. The soils are gray to brownish gray in color with minor 
variations of light grayish brown. They are low in organic matter, 
but retentive of moisture. The subsoils are gray to brown and 
either similar in texture to the surface soils or consist of alternating 
or interbedded strata of varying textures. The series is distinguished 
from the related Panoche series on the basis of lower lime content, 
and from the Hanford and Foster series on difference in color. They 
occupy alluvial fans and stream bottoms and have a smooth to slightly 
hummocky surface. 

One group of soils of this series, the Laguna loam and sandy loam, 
is mapped in this survey. 

LAOtrSi IflAU AND 8ARPT LOAU. 

The group Laguna loam and sandy loam includes the loam and 
sandy loam, and small areas of the fine sandy loam of the series. 
The two main types are about equal in extent. 

Description. — The Laguna loam consists of a light-gray, ashen- 
gray, or slightly brownish gray powdery loam. When wet it is 
sticky and browner in color, resembling the slightly less grayish 
soils of the Panoche series. It is extremely friable and apparently 
low in organic matter, though fairly retentive of moisture. The 
soil as a rule does not carry sufficient gravel to interfere with culti- 
vation, but light -colored, flat shale fragments are common. Some 
gravelly streaks lie along the streams, and the content of gravel also 
increases near the hills. The soil sometimes extends with little 
variation to depths of several feet, but strata of sandy, gravelly, or 
silty material usually occur below 12 inches. 

The Laguna sandy loam is friable, and has about the «ame I'ange 
in color, gravel content, and profile as the loam. It is slightly less 
retentive of moisture than the loam and is more often underlain by 
coarser material. The Laguna fine sandy loam is of little iiii- 
portanee. It has the general characteristics of the other soils of this 
group. 
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The loam member usually occupies the more gentle slopes or 
swales, while the sandy loam lies on the upper slopes or stream-built 
j ridges. The higher parts merge with the Arnold sandy loams. 

Locaiion.— The, gi'oup is confined to one area near the western 
margin of the survey southwest of Meiulota, covering about 25 
square miles. It closely resembles the Panoche loams in mode of 
j occurrence. Grayish-brown areas botli to the north and to 

the south are included. These are undifferentiated areas of the 
Panoche loams or of the Panoche sandy loams. 

Topograph-'}/ and drainag<'. — The soils of the group occupy alluvial 
fans, the slope of which, along the hill line on the southwest, is rather 
steep, but decreases toward the valley. The soil area is composed of 
numerous small coalescing fans, the ci-ests of which are occupied by 
Intermittent streams. The surface is somewhat rolling, with depres- 
sions and ridges lying at right angles to the line of the hills. Wind 
I action has modified the surface slightly in some of the bodies of 

I earlier deposition. Drainage is good to excessive. Occasionally -the 

I small streams overflow over the fans. Practically all the group is 

well adapted to tillage and to irrigation, where water can be mado 
available. 

Utilisation. — The group has not been farmed continuously, and 
only a small part is tilled. A number of homesteads have been 
located on these soils, and dry-farmed grain is being produced in 
scattered plantings. Yields are light and uncertain, and that dry- 
farmed crops can be grown profitably on these soils has not as yet 
been demonstrated. With exceptionally heavy or well-distributed 
rainfall grain and swne of tlie sorghums give moderate yields. The 
group is used largely for pasture. The soils are remote from trans- 
portation facilities, and water for domestic use is difficult to obtain. 
The soils are treeless and shrubless, except for a sparse growth of 
shad scale. The price of land of this type is usually low. 



The soils of the Hnnford series are derived from recent alluvial 
deposits, coming mainly from granitic rocks. They are brown, with 
variations of grayish-brown and buff colors. They are micaceous 
and friable, have a medium to low content of organic matter, and are 
easily tilled and retentive of moisture. The subsoils may resemble, 
the surface soils in color and texture or may be lighter brown, and 
consist of strata of differing textures. Tlie series occupies gently to 
moderately sloping alluvial fans or valley slopes, stream bottoms, 
and deltas. The surface is uniform and smooth except locally, where 
streams have produced slight irregularities. Drainage is good Or 
defective, depending upon the position of the soil. Seepage, a high 
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water table, and liarmful accumulations of alkali prevail in many 
places. The series is distinguished from the related Foster soils on ■ 
the basis of its lighter color and lower organic-matter content. Areas 
along streamways support a growth of oak, willow, brush, and vines, 
and oaks are often abundant over the alluvial plains. 

The series is represented in this survey by four groups or types of 
soils — the Hanford sands, Hanford sandy loam, Hanford fine sandy 
loam, and the Hanford loams. 



The group Hanford sands include the fine sand and sand of the 
Hanford series, with ■small undifferentiated areas of other soils of 
the series. The fin© sand ia the most extensive, comprising about 76 
per cent of the group. Small areas of coarse sandy material which 
if more extensive would be recognized as Eiverwash, are also in- 
clnded. 

Desrription. — The Hanford fine sand consists of a brown, or gray- 
ish-brown, micaceous, open-structured fine sand carri'ing a moderate 
, to small percentage of organic matter. It is browner and also ap- 
pears more loamy when wet. Patches and narrow strips along stream 
bottoms near the foothills often contain gravel. On the plains the 
subsoil is generally similar to the surface soil. Tn stream bottoms 
it is variable, and usually consists of layers of sand, fine sand, silt, 
or gravel without regular arrangement. The type is retentive of 
moisture for a soil of its light texture, and is easily tilled. 

The Hanford sand is generally lighter brown than the fine sand, 
and is more porous and lower in organic matter. It is micaceous and 
where situated in stream bottoms is often flooded, which causes con- 
siderable variation in texture, with frequent strips and strata of 
gravelly material. - The plains part of the type is more uniform in 
profile and the surface is modified locally by wind action. This type 
is less retentive of moisture than the Hanford fine sand, but closely 
resembles it in many respects. 

The group a^ mapped includes a gravelly variation of tlie Hanford 
sand. This occurs as a bolt about one-half mile wide extending from 
Lanes Bridge on the San Joaquin River, northeast to Friant, a dis- 
tance of about 6 miles. Two other small areas lie north of Kerman 
along the San Joaquin River. The variation occupies low terraces be- 
tween the upland soils and the San Joaquin River bed. It resembles 
the sand member in many features except that parts are slightly 
reddish brown and ha^e a loose gravelly substratuin several feet 
below the surface. In places the soil grades into a yellowish -brown, 
compact sand at a depth of about 4 feet. The gravel is fine and water- 
worn, and derived from metamorphic and volcanic rocks. The con- 
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tent of grarel is vanable and is sometimes sufRcient to interfei'e with 
tillage. This variation is well drained and free from alkali, but 
porous and droughty. 

The included bodies of coarse material recognized as Riverwash 
consist of coarse, light-colored, rather clean sand and waterwoni 
gravel mixed in varying proportions, often interstratified with or 
covered by minor layers of finer material. The material occupies 
relatively low, flood-swept positions, and is generally leachy and. 
incoherent, although sometimes water-logged because of its low-lying 
position. 

Location. — The Hanford sands, which are inexteusive, usually 
occur in small areas along the San Joaquin, Kings, Kaweah, and 
Tiile Rivers or occupy slight ridges over the ^'alley slopes, as about 
Hanford, They occasionally lie in abandoned stream channels, as 
soutliwest of I'orterville. The most conspicuous body occurs along 
Kings River northeast of Sanger, The group is confined to the east 
side of the valley, the soil material in most instances having been 
transported long distances. The included areas of Riverwash occur 
as several small areas in bends of the San Joaquin River along the 
northern margin of the area and as another body along the Kaweah 
River ea.st of Woodlake. There are several narrow areas which 
because of their small size are included with the adjacent recent 
alluvial soils. 

Topography and dramaxje. — The soils of this group have a varied 
surface. In stream bottoms they are marked by winding channels 
and are modified by overflow. Areas lying on low terraces usually 
have a smooth surface, but those on the uplands, which usually occupy 
low ridges sometimes several feet above the level of adjacent soils, 
have a surface more uneven. The irregularities, however, are not 
often pronounced and only rarely is the cost of preparing the land 
for irrigation high. Both surface drainage and subdrainage arc 
gocd except in some of the lowest lying areas. In these some alkali 
has accumulated. The sand has excessive subdrainage in places and 
is less desirable for the production of fruits, unless an ample supply 
of irrigation water is available. 

Vtilizati/m. — Near stream courses the .soils of this group support 
a moderate to heavy growth of willow, brush, and vine* About 
one-half the total area is utilized for crops, the remainder Iieing in 
pasture. Deciduous fruits, grapes, truck t;rops, alfalfa, grain, and 
kafir are the principal crops. The yields vnrj' with the depth and 
uniformity of the soil, alkali conditions, and supply of water for 
irrigation. Areas in stream bottoms are not selected for early bloom- 
ing frnita on account of frost. The soils are easily handled and 
respond to the addition of organic matter. The small areas of coarse 
material representing Riverwash are practically nonagricultural be- 
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cause of the occurrence of overflow. The most exposed bodies are 
barren of tree gi'owth, but some areas support a growth of cotton- 
wood, willow, brush, and vines. 

The price of land composed of the Hanford sands varies greatly, 
and depends upon location, water supply, cost of clearing and level- 
ing, freedom from alkali, and uniformity of the soil. 



Description. — The Hanford sandy loam consists of a brown, gray- 
ish-brown, or buff, friable, micaceous sandy loam extending to depths 
ranging from 12 to 72 inches. The soil nearer the larger streams is 
usually of lighter color and of more variable texture than in areas 
lying farther away. Greater uniformity also exists in the areas re- 
moved from overflow conditions, where there miiy be little variation 
in the material to a depth of 6 feet or more. The subsoil below 12 
inches in stream-bottom areas consists of strata varying widely in 
texture and generally of slightly lighter brown color than the sur- 
face soil. Both soil and subsoil are relatively free from gravel, ex- 
cept in some strips along sti'eam courses near the foothills. The soil 
contains a moderate to small percentage of organic matter and is 
easily tilled. A part of the type occurring west of Laton, in the re- 
gion around Visalia and west of Porterville, includes patches of dark- 
brown soil which if more extensive would be mapped with the "Foster 
series. 

In a shallow variation of the type over a part of the plains west of 
Laton the soil rests upon material of the older soils of the Fresno and 
Jfeiced series. The variation differs from the typical in subdrain- 
age, alkali content, and the occurrence of heavy subsoils within the 
6-foot section. 

LocatioTi.—T\ia Hanford sandy loam occurs in many small bodies 
scattered over the cast side of the valley, the tj'pe usually being asso- 
ciated with other recent alluvial soils. The principal bodies lie along 
the San Joaquin, Kings, Kaweah, and Tule Rivers or their distribu- 
taries. It often occupies slight elevations on the alluvial fans or lies 
in old abandoned stream channels. 

Topography and drainage. — The surface is smooth or slightly un- 
dulating and is occasionally marked by shallow waterways, A 
giowth of willow, vines, and brush commonly occurs near stream- 
ways; much of the type originally supported a growth of valley oak, 
A part of the type occurs on distinct terraces along the larger streams, 
and in such places the soil is generally uniform and easily prepared 
for irrigation. The type has good surface drainage, but subdrainage 
is locally restricted with accompanying accumulations of alkali. The 
greatest concentrations of alkali are confined to the upper 2 feet of 
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soil where the subsoil is of light texture, but heavy subsoils may carry 
considerable quantities. The alkali-affected areas are distinguished 
hy a growth of salt grass and by surface incrustations. 

Utilization. — Tliis type is of small extent. Some areas are rather 
droughty and, with the alkali areas, are used for pasture. The most 
favorable parts are nearly all under tillage and good yields of alfalfa 
and of many fruits are obtained. Areas badly affected with alkali 
require reclamation before profitable crops can be grown. Practi- 
cally no fertilizers are used, except small quantities of manure. The 
soil and subsoil are permeable and favorable to deep root penetration. 
Irrigation is not needed in some of the moist situations. Alfalfa and 
intensive crops usually require irrigation where drainage is more 
thorough. 

Land prices vary widely, depending on drainage, alkali, and irriga- 
tion conditions and on location with respect to shipping points. 



Description, — The Hanford fiiie sandy loam to a depth varying 
from I'i to T'2 inches consists of a brown or grayish-brown, smooth, 
friable, very micaceous fine sandy loam. In many places the texture 
closely approaches a fine sand. The color is frequently somewhat 
darker than the typical and is very nearly dark brown. This is true 
in the Visalia region and elsewhere, and separation of such varia- 
tions in the type and associated soils of the Foster series is difficult. 
The soil contains a moderate to low percentage of organic matter 
in its more uniform bodies, but those parts having a darker color are 
higher in this constituent. The soil is often remarkably uniform in 
texture, and no gi'avel is present except in places near the foothills. 
Below a depth of about 12 inches the subsoil is frequently lighter 
brown, and is often stratified with beds of sand, sandy loam, or silt, 
which sometimes contain gravel near the foothills. The type is very 
easily tilled, absorbs and retains moisture well, and responds to ap- 
plications of organic matter, A relatively shallow variation of the 
type occurs on the Tule River bottoms west of Porterville as an 
overwash several feet deep, covering material of the older soils of 
the San Joaquin or Fresno series. This variation, which covers 
several square miles and is of considerable importance, corresponds 
with the more typical areas in all respects except the heavy nature 
of the underlying material with its local areas of hardpan. 

Location. — This type is lery extensive, covering an area of 384 
square miles. It occurs in extensive areas on the Kings River delta 
west of Laton, in the Hanford region, and on the river bottoms east 
of Sanger. Other important areas are mapped around Visalia and 
along the bottoms of the San Joaquin, Kings, Kaweah, and Tule 
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Rivers. The type is ciMifined to the east side of the valley in tiiis 
survey aiul usually is associated with the courses of the nuin streams 
or their distributaries. 

Topography and drainage. — The surface is uniform and sanooth or 
slightly ridged, except in proximity to streams, where it may be un- 
dulating or traveraed by a series of shallow drainage ways often 
carrying flood waters in the winter and spring. Such waterways 
have a marked influence upon the soil, and often give rise to varia- 
titms in both topography and texture. The gradient as a rule is 
»i£cient to afford ample surface drainage, but a high water table, 
accompanied by the accumulation of alkali, occurs in low-lying situa- 
tions. The alkali is usually confined to the upper 2 feet of soil unless 
the subsoil is of heavy texture. Reclamation by drainsige, which is 
facilitated by the favorable texture and structure of the type, has 
proved successful in places. There is little necessity for leveling 
either for crops or for irrigation, except where stream action has 
been most active. 

Utilization. — About 73 per cent of the type is under cultivation. 
It is utilized in the production of a wide range of fruit, truck, and 
genera) farm crops. Most of the untilled part is too strongly im- 
precated with alkali to be farmed. This, with small areas along^ 
river channels which are flood swept in times of hi^ water, is used 
for pasture. The type ori^nally supported a growth of valley oak 
over most of its extent, with a denser growth of willow, brush, and 
vines along the streams. The alkali areas support a growth of salt 
grass. Grapes, peaches, apricots, prunes, melons, and many other 
truck crops, alfalfa, the sorghtims, and grain are the main crops. 
Good yields of all these crops are obtained. Irrigation is required 
for many of the crops in the more thoroughly drained situations, but 
is not necessary in the low moist places. 

This soil is one of the most important of the area, and is a heavy 
producer of highly specialized crops. Manure and cover crops are 
used for soil improvement, but little commercial fertilizer is applied 
except in growing certain truck crops. The price of land is variable, 
but is usually considerably more than $100 an acre for the more 
desii-able land. 



The group Hanford loams includes the loam and ^It loam mem- 
bers of the series. The latter soil is inextensive. 

Description. — ^The Hanford loam consists of a brown or grayish- 
brown, friable, smooth, micaceous loam, practicaJly free frtmn gravel 
or gritty material, and from 12 to 72 inches deep. The soil is grayer 
near soils of the Fresno series and in slight depressions, and merges 
gradually with the darker colored Foster and Chino soils. The tex- 
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ture varies somenhat. being heavier in the lower areas and in places 
slightly more sandy on small elevations. The soil profile is most 
imiform in the smoother parts of the type, on the alluvial fans, and 
least uniform along small strearasi and distributaries, where periodic 
overflow occurs. In such areas the subsoil below about 12 inches in 
many instances consists of sandy, silty, or gravelly strata. The sub- 
soil is generally somewhat lighter brown than the surface soil. Near 
streams the substratum, that is, the material below 6 feet, usually 
resembles the subsoil, but sometimes it consists of much older and 
more compact deposits. The spots of heavier or lighter textured 
soils included have little general influence upon tillage. The type 
usually contains more organic matter than the lighter textured soils 
of the same series. 

Tile Hanford silt loam consists of a smooth, friable, micaceous silt 
loam, having about the same range in color and the same subsoil 
features as the loam, 

Locaiwn. —The Hanford loams cover only a few square miles. 
They occur in several small areas east of Hanford. and in other iso- 
lated areas, such as those west of Visalia, west and southwest of Han- 
ford, and east of Orosi. They are not easily distinguished from 
adjacent recent -alluvial types. 

Topography and drainage. — These soils resemble other members of 
the Hanford series in general surface features. They occupy slightly 
lower positions than the types of lighter texture and are often inade- 
quately drained and affected with alkali. Wherever the soils overlie 
older and more compact deposits, as east of Hanford, they are more 
subject to the accumulation of seepage water, and frequently require 
drainage and reclamation before profitable crops can be grown. 

Utilization. — More than one-half the area of the group is now 
uncultivated because of alkali. Such land is used only for pasture. 
The more desirable land produces fruits, alfalfa, corn, and grain. 
The yields are high wherever drainage is well established and proper 
care given the crops, but locally they are low and uncertain. 

Prices of land of this group vary greatly, and depend largely upon 
drainage and the amoimt of alkali present. The moist areas are 
farmed auccessfidly without irrigation, but satisfactory returns in 
other areas are obtained only with irrigation. 

Foster Sebtes. 

The soils of the Foster series are derived from recent alluvial 
deposits, coming mainly from granitic rocks. They are dark brown 
or dark grayish brown in color, high in organic matter, micaceous, 
friable, easily tilled, and retentive of moisture. The subsoils are 
brown, grayish brown, or dark grayish brown, and either resemble 
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the surface soil in texture or are composed of widely variable strata. 
The series occupies gently sloping alluvial fans, delta plains, or 
stream bottoms, frequently occurring in slightly depressed, irregular 
belts extending through areas of the Hanford soils. The surface is 
smooth and quite uniform. The drainage conditions and alkali 
content vary, depending upon topographic position and underlying 
material. 

The series is represented in this survey by the Foster sandy loams, 
and by the Chino and Foster loams, undifferentiated. 

FOSTER SANDY LOAMS. 

The groiip Foster sandy loams includes the fine sandy loam, sandy 
loam, and coarse sandy loam of the series of which the first two 
predominate and are about equal in extent. Some small areas of 
similar Hanford soils of similar textures are included. 

Description. — The Foster fine sandy loam typically consists of a 
dark-brown or dark grayish brown, friable, micaceous fine sandy 
loam, generally free from gravel. It is apparently higher in organic 
matter than the Hanford fine sandy loam and typically darker in 
color. The subsoil, which is encountered at depths ranging from 
12 to 24 inches, is lighter colored than the surface soil and varies in 
texture. In^places a fine sandy loam texture continues to a depth of 
fi feet or more, but strata of different textures are common. The 
subsoil is friable and easily penetrated by roots and water and 
typically does not contain concentrations of lime. 

The Foster sandy loam consists of a dark-brown or dark grayish 
brown, micaceous sandy loam, having about the same variations in 
the subsoil as the fine sandy loam. The coarse sandy loam, which 
occurs on ridges or along abandoned stream courses, is inextensive. 
It has coarse-textured subsoil and on the average is less retentive of 
moisture than the other types of the group. 

The Foster sandy loams include many important variations. One 
consists of areas where the sandy material has been deposited as 
overwash upon older, more modified deposits. In such places the 
subsoil may be compact and calcareous. The areas in proximity 
to the main washes on the upper valley slopes often have more 
gravelly or sandy subsoils than the average, and the soil section in 
general is more uniform in regions of gentle slope and near the 
valley trough. The included soils often occur in narrow strips, 
intricately associated. The Foster and Hanford soils merge gradu- 
ally through wide transition zones of intermediate colors, so that 
separation is difficult and often arbitrary, and areas of each of these 
series as mapped may include material of the other. The extensive 
body of the Foster sandy loams mapped in the Tulare and Visalia 
regions contains frequent small areas properly belonging to the 
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Hanford series. A large part of the group in the vicinity of Cor- 
coran and northwestward has a peculiar grayish color when dry, 
but is darker when wet. 

Location,— This group is the eighth in extent in the survey. It 
occurs in association with the Hanford soils on the recent alluvial 
fans of the Kaweah and Tul© Eivers and to a less extent on the 
Kings River fan around the mar^n of Tulare Lake. The largest 
mens lie in the Tulare and Visatia regions and to the east. Cotton- 
wood Creek is bordered by a body several square miles in extent, 
around and west of Kayo. Most of the group merges with asso- 
ciated recent alluvial soils, but is more sharply defined along the con- 
tact with the old valley-fiUing soils. 

Topography and draiTiage. — The surface is sloping or flat, depend- 
ing largely upon location on the upper or lower valley slopes. The 
surface in detail is slightly diversified by ridges and intervening de- 
pressed strips. For this reason drainage conditions frequently vary, 
and there are often important agricultural differences between the 
foil on the ridges and that in the swales, although the range in eleva- 
tion may be no more than 2 or S feet. Drainage is good over most of- 
the group on the higher valley slopes, although small parts are occa- 
sionally overflowed. The drainage becomes poorer toward the valley 
trough, where the swales ai-e often affected by a permanently high 
water table and by large accumulations of alkali. Even near the val- 
ley trough, however, the ridges may consist of good agricultural land. 

Utilization. — The group has a high average value, althou^ some 
important areas are covered by salt grass and utilized only for pas- 
ture. The soils produce heavy yields of prunes, peaches, alfalfa, 
grapes, and various other-crops, and often constitute the main soils 
in intensively developed localities. The choice of crops for the group 
is g«vemed by several factors, chief among which are frost condi- 
tions, position of the water table, the occurrence of alkali, and the 
supply of irrigation water. Citrus fruits are not generally grown, 
but some plantings have been made near Bayo. Here also are many 
vineyards. Many of the fruits are grown without irrigation where 
the water table lies comparatively near the surface.. 



The soils of the Chino scries typically are dark gray to black, but 
include brownish-gray variations. They are derived from alluvial 
deposits coming from rocks similar to those supplying the materials 
giving the Hanford soils. The surface soils are friable and micaceous 
and are easily tilled. The subsoils are in many places lighter colored 
tlian the surface soils and typically contain concentrations of lime 
64938°— 19 7 
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aad occasional compacted layers. Tlie surface is doping to flat. 
Drainage usually is defective.. 

The series is represented in this survpy by ooe mixed group, the 
Chino and Foster loams, undifferentiated. 

CBIHO AND F08TEE LOAMS, UNDII-IT.r.HNIIATKD. 

The groap Chino and Foster loams, undifferentiated, ctmsints 
mainly of the Chino loam and the Foster ]oam.~ 

Description, — The soil of the Chino loam is a dark brownish gray 
to dark-gray friable loam, free from gravel or gritty material and 
rathier high in (»^anie matter. The soil is underlain at depths rang- 
ing from 12 to 36 inches by a lighter colored grayish or brownish 
sobsoil, which typically contains lime varying in quantity and char- 
acter from slight concentrations to thin fragmeotnry or partially 
cemented layers that make the sabsoil less permeable than is usual 
for recent alluvial soils. 

The Foster loam typically is a dark-brown or dark grayish brown, 
friable, micaceous loam, usually free from gravel. The type is rather 
high in organic matter. The soil occasionally extends to a depth of 4 
or even 6 feet or more, but as a rule it is underlain at 12 to 36 inches 
by a brown <« grayish-brown subsoil which is similar to the surface 
soil in texture in some cases but usually consists of stratified layers. 
Gravelly or sandy layers occasionally make up the subsoil, but are 
less prominent than in the Foster sandy loams. Concentrations of 
lime or compact and altered strata in the subsoil are not typical, but 
may occur along the contact with the Chino loam. 

The group includes streaks or patches of brown soil, generally 
consisting of overwash of Hanford material. Deposits of lighter or 
heavier texture are also included and may constitute more than 50 
per cent of the surface in s<Hne places. The soils in areas affected 
with alkali are more puddled and of lighter color than elsewhere. 
Areas of the group in the former bottom of Tulare Lake have a 
peculiar light grayish color, and both soil and subsoil seem high 
ID lime. Both the soil and subsoil in such places carry shells. The 
group is often arbitrarily separated from the Merced loams where 
the two groups merge, but the latter in its typical occurrence includes 
soils of more altered and calcareous nature than the Chino and Foster 
loams. 

Location. — The most extensive occurrence of this group of soils is 
in the region between Tulare and Tulare Lake, where it occupies a 
number of large and some smaller areas. Other areas are mapped 
north and southeast of Visaiia and southeast of Tulare, These areas 
are slightly lower lying and more nearly flat. 

Topography and draina.ge. — The surface of the soils in this group 
ranges from gently sloping on the alluvial fans to almost flat in the 
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l&ke bottom, with slight irregularities in the form of low ridges aiid 
swalea Shallow drainage ways traversing the type occa^onally 
overflow. Drainage is good in some of the more important areas, 
but some of the lower, swalelike ix flat areas are inadequately 
drained. In such places accuniiilations of alkali have tnken place, 
the quantities ranging from slight concentrations to concentrations 
sufficient to render the soils uniit for agriculture until reclaimed. 

UtUisation. — In the more favorably situated areas these soils are 
as valuable f<M: the production of fruits and intensive crops as the 
average of the Foster sandy loams, and in places they ore used for 
the same crc^s as the Foster sandy loams or adjacent types of the 
Hanford series. Alfalfa is one of the most important crops in the 
large areas, such as the ofie west of Tulare, and the dairying industry 
is highly developed. Grain and grain hay give good yields. Moist 
areas are capable of producing many crops without^ irrigation, but 
are more often affected with alkali than the better-drained soils. 
These reqaire irrigation for best results. Water is supplied both 
by gravity canals and by pumping from underground sources. The 
alkali areas are used for pasture, often in connection with the dairy 
industry. 

Sackamekto Suues. 

The soils of the Sacramento series are derived from recezit allu- 
viiun generally deposited in basinlike areas. The materials have 
been washed from many different kinds of rocks. The soils are dark 
gray to black or drab, with locally a slightly brownish cast. The 
content of organic matter is hi^ and the soils are generally friable 
and retentive of moisture. The subsoils may resemble the surface 
soils in color and texture or may consist of variable, partly stratified 
deposits of gray, brownish -gray, or mottled colors. In this survey 
the Kme content of both soil and subsoil is high and usuiilly well 
distributed through the entire soil column,* The substratum either 
resembles the subsoil or is more mottled and of lighter color. Some 
of the Sacramento soils, as mapped in this survey, are of lake-laid 
origin. The surface is smooth and uniform and nearly level, drain- 
age is poor, except where the land is protected from overflow by 
levees. No alkali is present except in the higher marginal areas 
bordering the upland soils. There is little tree or brush growth, 
but a growth of tule is encountered in places. 

The group Sacramento clay loams and the single type, Sacramento 
clay, are mapped in this survey. 



The group Sacramento clay loams includes two types, tlie Sacra- 
mento clay loam and Sacramento silty clay loam, of which the former 
is m.acix the more extensive. 
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De8cnption.~~T\in Sacramento clay loam, to depths of 12 to 18 
incheB, consists of a dark-gray, broTOnish-gray, or black, heavy- 
lestured, nonmicaceous clay loam. It is high in lime and organic 
matter and generally friable, though likely to puddle unless tilled 
under proper moisture conditions. With llie exception of large 
quantities of mussel shells, no coarse material is present. A compact 
layer several inches in thickness frequently is encountered within 
the surface 12 inches. The subsoil to a depth of 6 feet or more closely 
resembles the surface soil in texture, but it is slightly lifter in color 
as a rule and shows tendencies toward stratification. It is high in 
lime, but with few apparent concentrations. Where aeration and 
drainage are poor the subsoil ia slightly mottled with brown iron 
stains. Pronounced mottled drab layers of heavy testure prevail be- 
low a depth of 6 feet. 

The Sacramento silty clay loam closely resembles the clay loam 
in all features except texture, which is more silty. It occurs as 
small areas and in gradational zones between the Sacramento clay 
loam and other types. Small areas of lighter textured soils of the 
Foster and Hanford series are included, largely in zones of transi- 
tion. 

The soils of this group in general have a smooth, uniform surface, 
though in some areas small depressions occur locally. 

Location. — The gi'oup covers 28.8 square miles. It occurs as a 
rather narrow belt partly encircling Lake Tulare on the north and 
cast and extending a short distance up Kings Kiver. It occupies 
a part of the outer portion of the old lake bottom and usually occurs 
between the Sacramento clay and higher lying, lighter textured 
types. Much of it has been reclaimed and is protected by levees. 

Topography and drainage. — The group has a smooth, uniform 
surface with practically no variation, except occasional minor 
sloughs. The gradient ie so slight that surface waters are removed 
very slowly, and usually by percolation through the soil and sub- 
soil or by evaporation. The group is practically free from alkali; 
only marginal areas and local spots are affected. The uniform sur- 
face and gentle slope are favorable for irrigation and tillage, little 
or no leveling being necessary. 

Utilization.— Th.^, group is devoted almost entirely to the produc- 
tion of grain and alfalfa, the latter crop being grown on the better 
drained parts. Yields of both crops are good, but alfalfa is short- 
lived owing to the poor subdrainage. Both crops require irrigation 
for best results. Water is supplied mainly by pumping from the 
lake and wells. 

The custom in grain culture is to lay the land off in large checks 
and flood the surface after harvest with enough water to saturate the 
soil to a depth of several feet. As soon as the surface is suflSeiently 
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dry the land is plowed, usually with a large tractor, and seeded to 
grain. This practice is harmful to some soils, but the large quanti- 
ties of lime and organic matter in this group tend to maintain it in 
a friable, mealy condition. In years of normal rainfall the grain is 
matured without additional watering, but where the crop is sown 
late in the fall and the following spring is unusually dry, additional 
irrigation is sometimes given. 

Practically all the group is tilled, and sections suited to alfalfa 
are developing into dairy centers. Artesian water is generally avail- 
able at relatively shallow depths. The price of land values varies 
somewhat, depending ugon location and development. It usually 
brings more than $100 an acre. 



Description. — The Sacramento clay is dark-gray, drab, or black 
clay, sticky and plastic when wet, but ordinarily of friable, granular 
structure, tending toward adobe. The soil is nonmicaceous, free 
from gravel or coarse sand. It contains much lime and organic 
matter. Mussel shells are present in varying quantities. A some- 
what compact layer several inches in thickness often occurs near the 
surface. 

There is no de&iite line of demarcation between the soil and sub- 
soil, but below 12 or 18 inches the material is slightly lighter colored, 
with a tendency toward mottling and stratification. It is also some- 
what higher in lime than the surface soil, though the lime is uni- 
formly distributed, conspicuous concentrations being absent. The 
substratum is more mottled than the subsoil. The type, as a whole, 
is very uniform in texture and color, slight variations occurring 
only where streams enter the lake or near adjoining higher lying 
types. 

Location. — The type is of only moderate extent. It occurs in 
several bodies aroimd the margin of Lake Tulare and in one area 
west of Stratford. It is the lowest lying soil of the Tulare Lake 
basin and probably covers the entire bottom of the present lake, all 
of which has been exposed and farmed at some time. 

Topography and drmnage. — The type has a smooth, uniform, 
nearly flat surface favorable to tillage and irrigation. Surface 
drainage is slow, owing to the slight slope, and underdrainage is 
poorly established because of the high water table and the heavy 
texture of the subsoil. The typo has been reclaimed and is protected 
isom. overflow by a series of levees. No alkali is present. 

Utilization. — The Sacramento clay is under cultivation and is 
utilized almost entirely for grain production. High yields are oh- 
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talned and the same raethecls of Iciigntion and -tillage ivre prac- 
ticed as on the Sacramento clay loams. A smalt part of the type ad- 
joining higher lying soils has better drainage and is used in the 
production of alfalfa. Yields are high, but the crop is short-lived, 
owing to inadequate subdi-ainage. 

SOILS FROil WIXO-L.\ID MATERIAL. 



The soils of the Oakley series consist of wind-laid deposits, derived 
in this area largely frtwii the sandy material of the Fresno and 
Madera series with small quantities blown' from the beds of inter- 
mittent streams. The surface soils are brown or grayish brown in 
color and contain relatively large quantities of fine material, givinf; 
them a loamy character. The content of organic matter is low, but 
the soils are nevertheless retentive of moisture. The subsoil usually 
resembles the surface soil in color and texture. It may be lighter 
brown, and in places is underlain by heavier textured old valley- 
iilling soils at a depth of 4 feet or more. The surface is undulating 
or slightly rolling, and drainage is good except in some small de- 
pressions. The soil drifts considerably in exposed surfaces. 

The series is represented in this survey by two groups, the Oakley 
and Madera sands, undifferentiated, and the Oakley and Fresno 
sands, undifferentiated. 



The group Oakley and Madera sands, undifferentiated, includes the 
Oakley sand and the Madera sand. The former comprises more 
than 75 per cent of the total area of the gronp. 

Description. — The Oakley sand is a brown, uniform, open-struc- 
tured sand, extending without a distinct subsoil to depths of more 
than 6 feet. It frequently contains a anal! percentage of mica, but 
is free from gravel. Slight variations^in the cross section are com- 
mon. The type sometimes occurs as a surface covering several feet 
deep over heavier-textured soils of other series, and includes smiill 
lx)dies of coarse sand, loamy sand, and sandy loam. The subsoil in 
typical areas is similar to the surface material in color and t*.ttiire, 
but in places the color below a depth of 3 or 4 feet is slightly reddish 
brown. The soil is easily tilled. It is generally low in crmtent of 
organic matter, but contains considerable fine material and is reten- 
tive of moisture and very desirable for agriculture. 

The Madera sand consists of 2 to 5 feet of brown or grayish-brown 
open-structured loamy sand and, locally, small quantities of coarse 
sand and fine gravel. The color is intensified or may he slightly 
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reddish brown when the soil is moist. Some mica is present in places, 
the quantity depending upon the activity of small streams and the 
proximity of hght-textured Hanford soils. The soil is low in or- 
^nic matter, but is easily tilled and quite retentive of moistore. 
Where typically developed the subsoil is either a light sandy loam 
oE a loam of brown or reddish-!>rown color' and is underlain by a 
hardpan generally at depths of sli^tly less than 6 feet. Parts of the 
type nearest soils of the San Joaquin series frequently have more 
prODOunced subsoils and a shallower hardpan, which is frequently 
' encouatered at 3 to 4 feet below the surface. The hardpan and lower 
sabstratum are typical of the Madera series. The subsoil has a local 
tendwicy toward stratification. The type is quite variable, owing 
to its occurrence in small areas, and it includes patches of coarse sand 
and sandy loam of the series. 

Location. — ^This group covers about 39 sqaare miles. It occurs on 
irregular, low, rounded ridges, in flats, and in smooth, gently .sloping 
bodies. The most ext^isive areas lie in the re^on south and south- 
east of Clovis and around Fresno, and less extensive areas near Cen- 
terville, southeast of Campbell fountain, and at a few other places. 
The group is confined to the east side of the valley in this survey and 
occurs entirely on the valley plains. 

Topography and drainage. — The surface of the Madera sand, is 
uniform, smooth, and gently sloping, with few irregularities that 
interfere with irrigation. The Oakley sand is undulating, irregnlar, 
and dunelike in places and includes rounded ridges having a north- 
east to southwest trend. The mounds and ridges are several feet 
above the geaeral level of the plain in many places, and while they 
have 8 smooth surface they are difficiilt to irrigate. The group in- 
cludes a number of depressions, some of which are inundated and 
support a growth of tule. These soils absorb moisture readily, and 
there is practically no surface run-off. The underdrainage is also 
well established, and there is little damage fi-om a water-logged con- 
dition or from alkali. The Madera sand is a modified alluvial soil 
and the Oakley type consists of wind-blown material derived princi- 
pally from the light-textured types of the Madera and Fresno series. 
UtUizaiion.' — The soils of this gronp are among the most inten- 
sively cultivated in the area. Practically all their area is under 
cultivation, fi^iits, alfalfa, sweet potatoes, and early truck crops 
being the leading products. Good yields of grapes and some other 
crops are obtained under dry-farming methods in favorable places 
with proper care, but yields are increased by irrigation. Very little 
commercial fertilizer is applied in growing these crops, but mannre 
and cover crops are used to some extent, giving good results. The 
price of land varies greatly, and depends upon the location, state of 
developmeit, uniformity of the soil, and possibility of irrigation. 
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The Oakley and Fresno sands undifferentiated include the Oakl^ 
sand and the Fresno sand, of which the former predominates. 

Description. — The Oakley sand consists of a brown or grayish- 
brown, open-structured loamy sand, usually of uniform texture to 
a depth of 6 feet or more. The soil contains some mica, is somewhat 
browner than the Fresno sand, and does not show any tendency 
toward stratification, except where it occurs as a surface covwing 
overlying other soils. The soil is low in content of organic matter, ia 
easily tilled, and does not have hardpan or noticeable compact layers 
in the subsoil. It is generally uniform, but some small depressions 
or flats among the ridges include small areas of sandy loam or fine 
sandy loam. 

The Fresno sand, as included in this group, consists rather of a 
brown phase of that type than of the typical soil as recognized else- 
where. It is a brown or grayish-brown, open-structured sand, usually 
carrj'ing small quantities of mica. The soil varies slightly in color 
and is somewhat more compact in jnoist areas than elsewhere. In 
many places little variation in the soil section occurs to' depths of 
6 feet or more, but typically the subsoil at a depth of several feet 
becomes browner, more compact, and slightly heavier textured, and 
rests upon the gray or grayish-brown hardpan typical of the Fresno 
series. The subsoil, hardpan, and underlying substrata are inter- 
mittently stratified. Lime is conspicuous in the hardpan and im- 
metliately above or below it, but the content is usually lower than ia 
the heavier textured types. The hardpan is variable and ranges 
from an aggregation of lime casts or nodules to thin, intermittent 
lenses. It may locnlly be absent. Where it lies well below the sur- 
face it sometimes has a beneficial effect in checking the loss of soil 
moisture by percolation. The type is low in organic matter and is 
easily tilled. It is very retentive of moisture, and there is little 
run-off. The soil to a depth of many feet, except for the hardpan, 
is permeable, and crops root deeply. Where plowed and unprotected 
by crops the soil is easily disturbed by the wind, and drifting sand 
occasionally damages young plants. A compact layer is sometimes 
encoimtered several inches below the surface. JTiunerous loamy spots 
with a nearly level surface are included with this soil. These con- 
stitute in the aggregate an important part of the type. It also in- 
cludes a few strips of coarse sand, which are porous and droughty, 
and some low spots of sandy loam and strips of fine sand. 

Location. — The soils of this group are extensive and among the 
most important and highly developed soils of the area. They are 
confined to the east side of the valley trough and are prominent in 
the general region south of Fresno, being the dominant type in places, 
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as west of Selina and Fowler and around Caruthers. They occupy 
valley slopes above the channels of the larger streams. 

Topography and drainaffe. — The surface of the Fresno sand ia 
nearly level to gently sloping, and there are few irregularities to 
interfere with irrigation or tillage. The Oakley sand has an uneven, 
slightly rolling, or undulating surface and shows the effects of wind 
action. Both soils usually have good surface drainage and subdrain- 
age, and both are retentive of moisture. Alkali is present only in 
those areas where the soils occur as a thin covering over older and 
hea\-ier textured soils. The surface of the Oakley sand is often so 
uneven that irrigation is difficult, but otherwise the type is well 
adapted to farming. Winding streamways, numerous circular de- 
pressions, and segments of old stream channels are common. Some of 
the deeper depressions are partly filled with water during the irri- 
gating season and often support a growth of tule. 

UtiUsaiion. — This group is nearly all tilled to intensive crops, and 
produces an important part of the fruit crop of the area.. Grapes 
and peaches are among the leading products, and are grown both 
with and without irrigation. (PI. Ill, figs. 1 and 2.) Besides these 
fruits, apricots, nectarines, figs, and olives are grown to a small ex- 
tent, the last two frequently being grown as border trees, Egyptian 
com, beans, melons, and sweet potatoes are also produced in places 
with little or no irrigation. Alfalfa requires irrigation for best re- 
sults. The soil warms readily and matures crops early. Hoed crops 
are often grown in young orchards, where the water supply is abun- 
dant. The soils are very easily tilled and a mulch is maintained 
without difficulty. No d^nite crop rotation is practiced, but changes 
in cropping are frequently made. Special methods of irrigation are 
generally necessary in order to minimize the loss of water by perco- 
lation. 

Most of the soils of this group are well located with reference to 
roads and shipping points. Water is supplied both by gravity canals 
and by pumping from underground sources, 

MlaCEUiANEOOS MATERIAL, 



DeacHption. — Rough stony land typically includes soils which are 
too stony, rough, and steep for agriculture. It is differentiated from 
Rough broken land by its stony character. As mapped in this survey 
it consists largely of shallow, excessively stony soils, ranging in tex- 
ture from a sandy loam or coai-se sandy loam to a heavy clay adobe, 
which under different surface conditions would be classed with such 
series as the Olympic and Holland. Rock outcrop and loose surface 
rock are abundant, both granitic and quartz-free igneous rocks being 
represented. The soil material is normally shallow and droughty. 
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hemg deepest whece the granitic rocks prevail. The type includes 
areas capable of tillage. 

The bodies in the western part of the area, such as those in the 
Kettleman Hills, are rough and unsuitable for tillage, but are not 
very stony. Occasional rock outcrop is present, but the underly- 
ing sedimentary rocks quickly di^ntegrate. These bodies constitute 
Kough broken land, but are included with the Rough stony land 
because of their small extent. 

Utilization. — The Rough stony land is untilled. Its principal use 
is for pasture. The growth of grass on the west side of the valley is 
sparse and on the east side varies with the depth and texture of 
tiie soil. 

IRRIGATION. 

Owing to (he low rainfall, its irregular distribution, and the high 
rate of evaporation in the growing season, irrigation is necessary for 
the best results with most crops. Even grain and grain hay can not 
be grown successfullj' over a part of the area under drj'-ferming 
methods. Irrigation is especially desirable for most of the fruits, 
for crops grown on shallow soils, or tbose low in organic matter or of 
unfavorable structure, and where the drainage is excessive and the 
exposure unfavorable. Furthermore, » large nnmber of intensive 
crops can not be matured properly without irrigation, and the high 
price of land in many cases renders dry-farmed crops of relatively 
low value unprofitable. 

Irrigation has been practiced extensively for many years, but has 
been confined almost entirely to the east side of the valley, where 
there are more available water supplies. The low lands along the 
larger streams were irrigated first, because of the ease of obtaining 
water, and success with irrigation of these soils led to the introduc- 
tion of more intensively cultivated and more profitable crops. The 
construction of canals to carry water to large areas of the higher- 
lying plains followed, and rapid development and increasing land 
values accompanied greater returns from the soil. Additional areas 
have been brought under irrigation, until at present the supply of 
gravity water is nearly all apportioned and large quantities of under- 
ground water are utilized by pumping, to supplement that supplied 
by the canals. Supplies from the latter source are still being drawn 
upon freely in many new developments. &aall supplies of artesian 
water are obtained in the lowlands near the trough of the valley, but 
titis water is utilized mainly for watering cattle, for home use, and 
for irrigating gardens. Some water i» obtained by pumping fnmi 
sloughs and relatively largo quantities are either pumi^eti or drawn 
directly from Tulare Lake in favorable years for the lowlands im- 
mediately bordering it. 
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The San Joaquin Biver with a mean annual discbarge of 1^44,000 
acre-feet per year, the Kings River with 1,940,000 acro-feet, the 
Eaweah with 506,000 acre- feet, and the Tule with 137,000 acre- feet ' 
are the main sources of gravity water for the east side of the valley 
within this survey. The water of the San Joaquin River is largely 
appropriated for use outside the area, and Kings River is by far the 
most important source of gravity water within this survey. Loa 
Gatos, Waltham, Cantua, and Panoche Creeks are the principal 
streams entering the area from the west. They are small and inter- 
mittent in character and are not reliable sources of supply. Little 
has been done in reservoir construction for the storage of flood 
waters, but such supplies are capable of increa^ng the acreage of 
irrigated lands. The supply of water from Tulare Lake is fluctu- 
ating. The lake now covers about 100,000 acres, being largely con- 
fined within levees. It became dry in 1905 and its bed was farmed. 
This seldom occurs, and the lake usually supplies ample water for 
irrigation of bordering lands. A little less than 1,000,000 acres oi 
land are now under irrigation in the area and this is being added to 
yearly by new irrigation projects. Tlte water is predominantly of 
good quality for irrigation purposes, but that from some of the wells 
on the west side of the valley or along the valley trough contains 
relatively large, though varying, quantities of soluble material. 

Most of the canals supplying gi-avity water have been constructed 
by water companies or by the formation of irrigation districts. Joint 
ownersliip of wells and pumping plants exists in places where under- 
ground supplies are used, but individual ownership is the rule. As 
a rule pumped water is much more expensive than gravity water, its 
cost depending upon the depth of the wells, the amount of water 
obtained, the type of engine, and kind of power used. The wells are 
deepest along the more elevated valley slopes, and are often relatively 
shallow on the lower slopes near the valley trough. Some of the 
wells on the west side of the valley are many hundreds of feet deep. 
Methods of applying wafer to the land vary greatly with the crops 
grown, the type of soil, slope, and head of water used. The check 
and border mettiods and movable pipe lines prevail for the irriga- 
tion of alfalfa. Citrus fruits are irrigated by the furrow method, 
!ind this and the bfisin system are used for deciduous fruits and vines. 
The check system is used for rice, for which large quantities of water 
are required. In growing this crop it is neccKsary to prepare the 
land carefully to control water conditions. The water of Tulare 
Lake is used principally for irrigating grain land in preparing it 
for tillage and in supplying moisture for the growth of the crop. 
The water is either pumped over the levees or diverted through 

' U. 8. Oeol. Sarve; Water Supply Paper No. 39S, Grrmod Water In San Joaquin Vatlef , 
Cat. 1818; No. 2m. Strpnm MeaHHrpments In San Joaquin River BbhIh, 1912: Offlre of 
Bxpt. Sta., U. S. Dept. of Agr., BbI. No. 254, Irrigation atBourres ol California and tbeli 
CUllzatlon, 1913. 
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head gates and allowed to spread over the land to a depth of several 
inches. After thoroughly wetting the soil it is turned off. .The land 
is then plowed and sowed to grain. In unusually dry years a second 
irrigation is sometimes given in the spring. 

Further extension of irrigation will probably involve the storage 
of flood waters, the greater use of underground supplies, and the 
conservation of all water supplies by a more efficient use of water 
and better tillage methods. More economic use of water will t«nd 
to keep the water table of low-lyiiig areas at a safe depth, reduce 
damage from seepage and accumulations of alkali, and enable 
the extension of irrigation to additional areas. The extension of 
irrigation would also be facilitated by utilizing the moist phases of 
the light-textured soils for intensive crops which do not require the 
addition of water for profitable returns. This practice is already 
quite extensive. Apparently it will be difficult to supply water ta 
vast areas of good soil on the west side of the valley, as the run-ofi 
from the Coast Range and underground supplies seem inadequate. 
Some system of drawing water from the trough of the valley or from 
storage on the east side may be developed. In general, the water 
supply seems inadequate to provide irrigation for the total land 
area of the survey, and the most efficient use possible of the water 
should be made. 

ALKALI. 

The central part of the area contains a large acreage of alkali land 
similar in many ways to the alkali-affected regions in Madera, 
Merced, and Stanislaus Counties to the north. There is a belt, aver- 
aging several miles in width, of relatively alkali-free soils extend- 
ing along the lowest part of the valley from Tulare Lake on the south 
almost to Mendota on the north. This strip is bordered on the west 
by a continuous body of alkali soils varying in width from less than 
1 mile to 6 or 7 miles, which includes practically all the aflfected lands 
of the west side of the valley. The alkali areas on the east side of 
the valley are much greater in total extent than those on the west 
side and include many small areas detached from the main alkali 
areas. One of the larger areas of the east side begins a short dis- 
tance south of Fresno, and gradually broadening to the west, ex- 
tends to the valley trough, a distance of 20 to 30 miles. This area 
is very irregular in outline, and is indented around its margins by 
protruding points of alkali-free soils. Near the valley trough a lobe 
of the main body extends eastward, passing south of Caruthors and 
north of Laton. A prominent alkali area lies aroimd Traver and 
extends east, west, and south for many miles, with strips reaching 
from the main body into alkali-free areas. Another area of rather 
uniform alkali land lies west of Tipton. There are several other 
large areas of alkali, and in addition some important sections in 
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which the soils, while not uniformly affected, are spotted or streaked 
with alkali. In the Visalia, Tnlare, and Farmersville regions, for 
instance, some of the best soils show this condition, the proportion 
of their area afifected being sometimes small and sometimes large. 
The same conditions prevail in Kings County, the alkali areas ranging 
from small bodies, as north and west of Hanford, to those of large 
size, as south and southwest of Hanford. In general alkali conditions 
are more pronounced in regions of restricted drainage, as on flats 
OP in areas with only a gentle slope toward the valley trough. Aside 
from local spots the higher valley slopes are free from alkali. 

The term " alkali " as applied to soils refers to various soluble 
salts which have accumulated in sufficient quantity to affect the 
agricultural value of the soils. The alkali in the soils of this area, as 
in most other regions, has been deposited largely through excessive 
surface evaporation of soil moisture, and poor drainage has nearly 
always been a factor of primary importance in this process. The 
greater part of the large alkali a>reas and of many of the smaller 
ones accumulated enough soluble salts under natural conditions before 
settlement of the region to define their character, but extensive irriga- 
tion of the higher-lying adjacent valley slopes has been accompanied 
by a rise in ground-water levels in associated lower-lying belts, and 
this has been favorable to the extension of the original alkali ar^s 
and the development of many new ones, as in the Fresno region and 
the Traver and other districts. In many cases the accumulation 
of alkali has caused the abandonment of intensively cultivated land, 
but such abandoned land constitutes a small part of the total area 
of alkali soils. 

The principal alkali areas are shown on the soil map which ac- 
companies this report. A former report on the Fresno area ^ is ac- 
companied by two alkali maps, one of which shows the total salts 
in the soil, in several grades of concentration, and the other the dis- 
tribution of black alkali. The outlines of the alkali areas were trans- 
ferred from the former map to the soil map accompanying this re- 
port, and alkali boundaries for the remainder of the area were de- 
termined in the present survey. In this survey no attempt is made to 
differentiate between different degrees of concentration, and in con- 
sequence the areas of alkali soils shown include areas affected only 
in spots containing low percentages of salt and those carrying such 
high percentages that the growth of all kinds of crops is prohibited. 
The quantity of alkali piesent usually is indicated by the character 
of the native vegetation and by surface accumulations. The leaFt 
affected areas usually have occasional barren spots and a heavy 
growth of salt grass or, in abandoned fields, Bermuda grass. Soils 
with higher percentages of salts have more frequent and extensive 

iSoll Sarve; oF tbe Freeno Area, Cal., Field OperatlODS of tbe Bureau of Soils, 1612. 
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barren spots witli u patbhy growth of different kinds of alkali jdants, 
and the worst affected areas are often barren of plant growth over 
more than 50 per csjO. of their surface. Boundaries outlining alkali 
areas are sometimes more or less arbitrary; in other cases, they are 
definite. In itddition the character of the present survey precludes 
detailed separations, and for these reasons the alkali areas often In- 
clude small bodies of good agricultural soil and the alkali-free areas 
sometimes locally include badly affected spots. 

Many analyses have been made to determine tlie various salts DiAk- 
ing up the alkali and their relative amounts, and the results of some 
snch analyses are given in the report on the Fre^io area, to which 
reference has already been made. The most important components 
seem to be chloride, sulphate, bicarbonate, and carbonate of sodium. 
Black alkali or sodium carbonate is often prominent in the alkali 
lands of the east side of the valley, but apparently absent on the west 
side, except locally, owing to the calcium sulphate or gypsum usually 
cairied by the rocks giving rise .to the soils. The black alkali is 
commonly believed to be more injurious than the other salts, which 
are known by the general term " white alkali." 

Alkali soils are often in poor physical condition; the main areas 
which have been affected by alkali for long periods have attained a 
puddled structure, unfavorable for the absorption and retention of 
water. They have a cliaracteristic grayish color. Some bodies have 
lig^t-colored hardpana which in places contain alkali. — 

Mention is made in the descriptions of the individual soil types or 
groups of soils of prevailing alkali conditions. The residual soils 
and the old valley-filling soils of the higher valley slopes are usually ■ 
free from alkali, but a number of the recent alluvial soils and some of 
the old valley-filling types are affected where drainage is poor, or 
where earlier drainage conditions were favorable for alkali accumu- 
lation and the salts have not been leached away. Soils of the Fresno 
and Hanford series are extensively represented in some of the more 
pronounced alkali areas, various types of the former series constitut- 
ing a large part of the affected sections southwest of Fresno, around 
Traver, west of Tipton, and elsewhere. Types of the Hanford series 
often predominate in alkali areas of the Hanford, Visalia, and Tulare 
regions, relatively low bodies of this series often being affected. The 
Foster, Merced, and Chino series are interruptedly affected and it is 
difficult to outline the alkali boundaries where very slight concentra- 
tions alternate with patches of greater alkali content or with alkali- 
free areas. The alkali area on the west side of the valley is confined 
largely to the flattened extensions of alluvial fans occupied by soils 
of the Panoche series (PI. II, fig. 2), and it is possible that subsoils 
of additional areas of that series bear alkali, extending the alkali 
boundary farther westward in some instances. The Madera series 
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lasually is free from alkali, but scnne small areas in tbis survey are 
sikfiected, as near Seville and south of Exeter. 

The vertical distribution of the alkali in the soil is subject to 
considerable variation, but majumnm concentrations occur much 
ixiore frequently in the surface foot, especially in ureas with a 
shallow water table or areas of soils having a uniformly light or 
inedium texture throughout the 6-foot section. Soils of relatively 
fieavy texture show fewer surface indications of alkali than light- 
textured soils bearing similar quantities. Similar percentages are 
also more harm:£ul in the latter. Some important alkali areas, such 
as many of those in Kings County, have nearly all the alkali in the 
surface few inches, and support a heavy growth of salt grass. In 
many such instances the total alkali content is lower and the general 
value of the soil higher than might be inferred from field appear- 
ajtces. While alkali areas are usually of lower elevation than adja- 
cent alkali-free soils, this is not always true, as in some of the bodies 
in the region west of Tulare the older deposits have accumulated 
alkali and occur as remnants surrounded by lower, more recent 
alkali-free deposits which are often overflowed. 

The utilization of alkali lands is depeaideitt upon several factors, 
chief among which is the percentage and kind of alkali present, 
although other considerations, such as texture of the soil, location, 
and position of the water table also are important. The main alkali 
areas of this survey are for the most part untilled and used only for 
pasture, a small part, not more than 25 per cent of the total, being 
farmed either regularly or intermittently. Soils bearing low per- 
centages, or those affected by spots or streaks, are often farmed in 
conjunction with associated alkali-free soils, giving lower yields of 
grain, alfalfa, sorghum, and other field crops. Farms lying in 
regions streaked with alkali are often sharply divided, a part being 
capable of producing fruits and other intensive crops and the re- 
mainder affected by alkali and valueless except for pasture. The 
high water table and more exposed positions as regards frost accom- 
panying the low-lying alkali regions are also factors detrimental to 
fruit production in such places. 

The reclamation of alkali lands is receiving increased attention ' 
and experiments have been conducted on several small tracts within 
the area. Local efforts by farmers have been more or less successful, 
depending largely upon the character of the land and the methods 
used. Careful leveling of the land and liberal irrigation have some- 
times been sufficient to permit the cultivation of shallow-rooted crops, 
and considerable areas have been at least temporarily improved in 
this manner. No comprehensive effort has yet been made toward 

una 42. nuresn of Sells. BBd BnlB. *iofl. 83, 128. and -^73, 
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reclamation, although many plans have been considered. The success 
of reclamation is dependent largely upon outlet for drainage waters 
and an abundant supply of water for flooding and leaching the soil. 
A large part of the alkali lands lie in low areas without ready drain- 
age outlets, and water for reclamation purposes often is not readily 
available at a low cost, so that a comprehensive drainage enterprise 
or perhaps a series of drainage proiects, wherein an outlet for drain- 
age and water can be obtained at a minimum cost, apparently is 
required. A lowering of the water table is imperative in permanent 
reclamation of most of the alkali lands and considerable expense and 
effort will still be necessary to remove the alkali and improve the 
structural condition of the soils. Soils having shallow hardpan and 
high concentration of alkali are difficult to reclaim, even after drain- 
age. Those bearing low percentages of alkali end without hardpan 
are easier to handle and may even be improved somewhat if the wafer 
table is merely lowered to below 3 feet. Liberal applications of gyp- 
sum would no doubt benefit the latter class of soils if it appears that 
black alkali is a prominent constituent. Lands under which the 
water table is shallow and on the surface of which slight alkali traces 
are beginning to appear.should not be allowed to become packed, but 
should be kept mulched to reduce surface evaporation. 



The survey covers approximately the central third of the San 
Joaquin Valley and embraces the most thickly settled portions of 
Fresno, Tulare, and Kings Counties, one of the most important agri- 
cultural regions of the State. It lies near the center of the State, 
its east and west boundaries extending in genera] northwest -south east 
direction along the lower foothill slopes of the Sierra Nevada and 
Coast Range Mountains. The total area of the survey is 4,448 square 
miles, or 2,846,720 acres. 

The San Joaquin Valley on the south, together with the Sacra- 
mento Valley on the north, constitute the Great Interior Valley of 
California. This lowland trough has the same general northwest- 
southeast direction as the State, is about 500 miles in length, and 
averages about 40 to 45 miles in width. It is inclosed by mountains 
except for a break in the Coast Range on its west side, where drain- 
age from the valley enters the Pacific Ocean through San Francisco 
Bay. The Great Interior Valley is a structural trough formed by the 
uplift of surrounding mountains, and for long periods it has received 
soil materials washed from the inclosing uplands. Both older and 
younger deposits make up the present surface. 

The area surveyed resembles the remainder of the Interior Valley 
in its main physiographic features. Smooth valley slopes, which 
flatten toward the valley trough and increase in steepness toward 
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FiQ. I.— General View at Kearney Park. 

un, brown phase, In distance. Packtog 
IS and djfliig Inilts In loregiound. 



FiQ. 2.— Panoche Clay Loams, 8 Miles West of Wheatville. Showing 
Smooth Topoqraphy. Barren Alkali Spots, and Characteristic Veoe- 
tation. 
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e iiioantuins prevail. An included narrow belt of mountainous 
larncter along the margins of the valley, together with sanall roFling 
[«as and isolated hills constitutes the only variation from the 
noother topography. The valley troagh ranges in elevalron frcHn 
bout 16S feet to about 210 feet where partly filled by xlluriuui 
rom lateral streams. Drainage from the upper or sonthcm part 
}i the valley collects in Tulare Lake, the bottom of which lies at an 
levation (xf about 160 fe^,. The east side of the valley has a lower 
fradient and longer slopes than the west side. Along the eastern 
tiargin of the valley elevations range from abont 350 to 500 feet, and 
:here is an. average fall of about 4 or 5 feet per mile to the valley 
TOUgh. The recent alluvial fans and fragments of older ones are 
not often sharply defined in general topography. The westwn mar- 
2;in of the valley is elevated from 500 to 700 feet and is datik^l by 
steep alluvial fans. 

The principal rivers are the San Joaquin, Kings, Eaweah, and 
Tule, the last three discharging into Tulare Lake in normal yeai-s. 
The west side of the valley has only miiior intermittent streams such 
as Lios Gatos, Waltham, Cantua, Little Panoche, and Panoche Creek& 
Drainage is good on the upper valley slopes hot defective over ex- 
teoMve lower areas, where stagnated surface drainage during the wet 
season and a high water table at all times prevail. 

The pf^ulation of the area le estimated as about 118,200 in 1910, 
and of this number three-fourths consist of native-bom whites. 
Fresno is the largest city, Hanford and Visa^ia being next in size 
in 1910. There are numerous other towns rangii^ up to several 
thousand in population. 

Main and branch lines of the Southern Pacific and Atchison, 
Topeka & Santa Fe Bailroads fornix the main rail transportation, 
and a nuiitber of local electric lines are in operation. The thickly 
settled sections have good rail aud hi^way fadlities, but the 
spai-sely settled localities are pocH-ly supplied. 

The fruit products are ezpCHTted from the area for distribution 
throughout the United States and shipment abroad. The more bulky 
or perishable products are shipped less distaitoes. 

The climate is characterized by a hot, dry summer and a cool, wet 
winter. Local variations in climatic conditioaie mat«»-ially influence 
tbe (listribution of crops. Precipitation is greatest aiong the eastern 
margin of the valley and decreases to the west and to the south. 
FrtHii 8 to 12 inches of rain is the rule in the eadera part of the area 
and about 4 or 5 inches in the southwestern part. Practically no 
tain falls from June to September, inclusive. The mrau annual tem- 
perature at Fresno is 63.2° F., the average for Jidy, the wamiest 
month, is B2°, and for January, the coldest ntenth, 45.4°, Points 
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farthest fi'om the footliills or at lower elevations arc -coldest. The 
absolute inminium temperature at Fresno is 17° F. and the absolute 
maxuntim is 115° F. Locally frost conditions are favorable to citrus- 
fruit production. Fog often occurs during the early part;of the day 
in the winter. Wind movement is moderate, and hail and snow are 
practically unknown. 

The early agriculture was localized along the streams and was sub- 
sidiary to stock raising and mining. Dry^farming grain production 
later extended over the valley plains and encroaclied upon the cattle 
rangea Irrigation accompanied by the culture of highly specialized 
fruit crops developed slowly at first but rapidly lat«r, and fruit 
products now dominate the agriculture of the area. In addition to 
fruit production alfalfa growing, dairying, stock raising, cereal pro- 
duction and other industries are important, often in areas not well 
suited to fruits because of soil, drainage, climate, or irrigation condi- 
tions. Fresno, Tulare, and Kings Counties in 1910 reported crop 
values totaling $16,525,295, of which more than one-half representxKl 
fruit products. The most extensive citrus-fruit region of central 
and northern California is in this area. Grapes, peaches, figs, 
prunes, and olives are important products. 

The soils of the area differ widely in origin, general character, and 
value for agriculture. The survey includes some residual moiin- 
tainous soils, largely underlain on the east side of the valley by 
igneous rocks and on the west side by sedimentary rocks. The 
main part of the survey, comprising the valley slopes and floor, con- 
sists of wash from the adjacent mountains. The filling processes 
have been inSuenced by several factors so that remnants of older 
valley surfaces and old alluvial fans are prominent, as well as more 
recent and more symmetrical alluvial fan^ Some of the soils of 
the valley slopes have been accumulated by wind action. The 
physiographic diiisions represented by the mountains, the old 
alluvial deposits, the young alluvial deposits, and the wind-laid de- 
posits are reflected in the classification of the soils into four main soil 
provinces designated as (a) the residual soils, or those derived in 
place through the weathering and disintegration of consolidated 
rocks; (ft) the old valley-filling and coastal-plain soils, or those 
derived through the weathering and modification of water-laid de- 
posits of unconsolidated character; {c) the recent' alluvial soils, or 
recent stream and lake deposits] which have undergone no important 
changes since deposition, and {d) the wind-laid soils, or those 
formed by wind action. The soils of these main provinces are sub- 
divided into soil series, and the latter into soil types, although it is 
often necessary to group some of the types in a survey of this char- 
acter. A total of 39 types or type groups, including the miscellaneous 
type, Bough stony laud, is shown on the accompEitiying soil map. 
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The residual soils aie inextensive- They are represented by four 
series, the Kettleiiian, Arnold, Olympic, and Holland. The first 
t'wo comprise gray soils, orrginating from sedimentary rocks. The 
I-IoUand and the Olympic soils are brown and are derived from two 
classes o£ igneous rocks. 

The old valley-filling and eoastal-plain soils have a large total 
nrea. They are classed with eight series, the San Joaquin, Madera, 
Pleasanton, Antioch, Porterville, Fresno, Merced, and Montezuma, 
The soils of this province have been modified in various ways since 
deposition. Some have developed relatively heavy textured subsoils 
and others calcareous subsoils, and certain series are characterized 
by distinct hardpans. 

The recent alluvia! soils are extensive, and are represented by six 
series, the Panoche, Lnguna, Hanford, Foster, Chino, and Sacra- 
mento. They include in this survey a few types which have been 
deposited in fliit basins and lakes. 

The wind-laid soils are inextensive. They are classed with the 
Oakley series. 

The rainfall is not sufficient for most of the fruits and other in- 
tensive crops, and irrigation is extensively practiced, being largely 
confined to the east side of the valley, owing to the scarcity of water 
on the west side. Most irrigation is by gravity systems which divert 
water from the rivers, although important supplies are obtained by 
pumping from undergi-ound sources. Artesian water is locally avail- 
able, but is relatively unimportant in irrigation, Nearly 1,000,000 
acres are under irrigation and the area is being extended. Additional 
water may be obtained by the storage of flood waters and an increase 
in the pumped supply. Irrigation practices vary with different soils 
and crops. 

The area contains a considerable area of alkali land in bodies 
which range in size from a few acres to many square miles. Aside 
from one large body on the west side of the valley, the alkali lands 
are lorgely confined to the poorly drained sections of the east side. 
Some of the affected soils bear small percentages of salts and are 
farmed with varying degi-ees of success, but most carry sufficient 
quantities to preclude profitable crop production until reclaimed. A 
large part of the alkali was accumulated under natural conditions, 
but irrigation has raised the water table under low-lying areas and 
made conditions favorable for further accumulation, resulting in 
the enlargement of the original area. Important areas of agricul- 
turally important soils have been abandoned in certain localities. 
Reclamation by means of drainage and flooding is receiving attention. 
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JOINT BBSOtiTJTIOK Ameodliis pabUc reBolaUon Domtwred eight, Flfty-ilitli Congresa, 
■econd Mssloii, appcoved Febrnar; twentf- third, nlneteeii hundred SDd one, " prarlQ- 
tag for the prlattng BDnnaJl)' of the report on Beld operattoos ot tlte IHtIsIoii of Bolls, 
Department of SetUaOCatt." 

Beaolvea by the Senate and Eoute of Repregentatives Of .the United States of 
America in Congress assembled. That public resolntlou numbered elglit, Fifty- 
sixth Consrees, second session, approved February twenty-tbird, nineteen buD- 
dred and one, be amended by striking out all after tbe resolving clanse and 
Inserting lit lien thereof the following; 

That there shall be printed ten thotisand five hundred copies of the report 
on field OQetatlons of the Division ot Soils, Department of Agriculture, of 
which one tbousand five hundred copies shall be foe the use of the Senate, 
. three thousand copies tor the use of the House of Representatives, and six 
thousand copies for the use of the Department of Agriculture: Provided, That 
In addition to the number of copies above provided for there shall be printed, 
as soon as the manuscript can be prepared, with tbe necessary maps and illus- 
trations to accomi>an7 it, a report on each area surveyed, in the form of 
advance sheets, bound in paper covers, of which five hundred copies Shall be 
for the nde of each S^atotr from the State, two thousand copies for the use 
of each Representative for the congressional district or districts in which the 
survej' Is made, and one thousand copies for the use. of the Department of 
Agriculture. 

Approved, March 14, 1901. 

[On Jnly 1, ISOl, the Dtvielon of Soils was reorganlced a» the BotMU of Bolla.1 




